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PREFACE 

The  work  reported  herein  was  conducted  at  the  Arnold  Engineering  Development 
Center  (AEDC),  Air  Force  Systems  Command  (AFSC)  under  Program  Element  65807F. 
The  results  were  obtained  by  ARO.  Inc.,  AEDC  Division  (a  Sverdrup  Corporation 
Company),  operating  contractor  for  the  AEDC,  AFSC,  Arnold  Air  Force  Station. 
Tennessee.  The  work  was  done  under  ARO  Project  No.  V31 S-04A.  The  author  of  this  report 
was  George  W.  Hyslip.  ARO,  Inc.  The  data  analysis  was  completed  on  March  26,  1976,  and 
the  manuscript  (ARO  Control  Number  ARO-VKF-TR'76-87)  was  submitted  for  publication 
on  August  11,  1976. 
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1.0  JNTRODUCTION 

A test  program  was  conducted  as  a part  of  an  overall  cost  reduction  study  for  a 
"Proposed  Reentry  Vehicle  Ground  Test  Facility"  with  the  basic  concept  as  shown  in 
Fig.  I.  The  facility  will  be  used  to  test  models  subjected  to  various  environments  and 
conditions  as  they  travel  down  range  through  a preconditioning  chamber,  an 
ablation /erosion  chamber,  and  into  a free-flight  chamber  or  a model  recovery  tube.  The 
model  will  be  guided  by  four  rails  except  in  the  free-flight  chamber  during  free-flight 
testing. 

In  this  test  program,  the  ablation/erosion  chamber  was  examined  because  its  length 
makes  it  an  item  for  which  the  design  approach  for  rail  support,  fabrication  techniques, 
and  utilization  of  material  to  maintain  acceptable  rail  support,  fabrication  techniques,  and 
utilization  of  material  to  maintain  acceptable  rail  position  and  alignment  requirements 
will  greatly  influence  the  overall  facility  cost.  Component  lengths  and  diameters  shown 
in  Fig.  I have  not  been  finalized;  however,  they  are  assumed  to  be  reasonable  for  the 
proposed  facility. 

The  original  cost  estimate  of  $13,565,000  for  the  ablation/erosion  chamber  was  based 
on  conventional  and  proved  design  concepts  for  maintaining  rail  position  and  straightness. 
A conventional  approach  would  depend  on  heavy  wall  tubes  to  provide  the  required  rail 
support.  Accurately  machined,  closely  spaced  supports  between  the  rails  and  the  tube 
would  be  required  to  utilize  the  tube  stiffness  (see  Fig.  2).  Another  approach  considered 
would  utilize  heavy  rail  supports  independently  attached  to  a foundation  with  a thin-wall 
tube  for  environment  containment.  These  conventional  concepts  although  based  on  proved 
designs  are  expensive. 

Costs  may  be  reduced  substantially  if  the  assumption  is  made  that  advanced 
technology  will  permit  designing  for  a lower  rail  load  and  that  acceptable  rail  alignment 
can  be  maintained  with  lighter  weight  components  with  fewer  support  points.  Material 
cost  alone  can  be  substantially  reduced  if  lighter  flanges,  lighter  rail  sections,  thinner  tube 
walls,  and  smaller  support  structures  are  required.  Large  savings  may  also  be  realized  in 
fabrication  cost.  The  chamber  wall  can  be  much  thinner  if  it  is  not  used  for  rail  support. 
In  this  case,  the  tube  wall  can  be  sized  to  contain  a vacuum  or  low  positive  pressure 
only  and  to  be  relatively  free  to  move  without  affecting  rail  alignment. 

2.0  TEST  OBJECTIVES 

This  study  was  made  to  determine  if  a cost  effective  ablation/erosion  chamber  could 
be  constructed  to  maintain  acceptable  rail  position  and  straightness  by  utilizing  a thin 
tube  design  in  which  the  rails  are  supported  only  at  the  flanges.  A typical  segment  of 
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the  chamber  assembly  with  rails  of  two  stiffnesses  was  fabricated  and  tested  to  determine 
the  following: 

1.  Variation  of  rail  position,  straightness,  and  joint  alignment  at  atmospheric 
pressure,  vacuum,  and  15  psig  under  the  following  conditions; 

a.  With  a sunshade, 

b.  With  the  top  portion  of  the  tube  assembly  heated  to  simulate 
a very  hot  sunny  day,  with  a sunshade  {no  insulation),  and 

c.  With  the  tube  insulated,  without  a sunshade,  exposed  to  the  sun. 

2.  Disturbance  of  adjacent  rail  sections  when  one  rail  is  subjected  to  transverse 
static  loading. 

3.  Effect  of  penetrations  on  the  tube  assembly  and  rail  alignment. 

4.  Repeatability  of  installation  with  and  without  centerline  guides. 

5.  Fabrication  and  assembly  techniques. 

3.0  TEST  EQUIPMENT 


3.1  DESCRIPTION 

3.1.1  General  Arrangement 

A typical  erosion  chamber  segment  consisting  of  two  tube  assemblies  with  rails,  one 
tube  assembly  10  ft  long  and  the  other  9 ft  long,  was  constructed  of  tubing  having  an 
outside  diameter  of  30  in.  and  a wall  thickness  of  0.25  in.  The  tubes  were  flanged  at 
each  end  with  internal  mounting  pads  for  the  rails  {see  Figs.  3,  4,  and  5).  The  pads  were 
located  near  the  flanges  to  transfer  load  directly  to  the  flanges  instead  of  through  the 
thin  tube  wall.  Provision  was  made  to  allow  the  option  of  center  supporting  each  rail 
from  the  tube  wall  to  determine  if  some  rail  load  could  be  supported  by  the  tube  without 
affecting  rail  alignment.  A l-ft-long  expansion  joint  section  {one  will  be  required  for  each 
100  ft  of  ablation/erosion  chamber  length)  was  fabricated  to  duplicate  the  expansion  joint 
required  for  the  assumed  chamber  installation.  The  standard  lO-ft-long  chamber  section, 
the  9-ft-long  section,  and  the  expansion  joint  were  coupled  together  for  the  test.  End 
closure  flanges  with  viewing  ports  and  a thrust  stand  to  carry  the  thrust  loads  due  to 
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pressure  and  vacuum  were  provided.  Tube  support  stands  were  located  at  each  flange  joint 
(3  places)  with  provision  for  axial  movement  between  the  tube  assemblies  and  the  supports. 

Removable  centerline  guides  were  attached  to  the  tube  support  stands  for  maintaining 
orientation  of  the  tube  assemblies  about  the  longitudinal  axis  (see  Fig.  5). 

Internal  and  external  stops  (see  Fig.  5)  were  provided  to  limit  the  expansion  joint 
movement  to  the  maximum  amount  that  would  be  experienced  in  the  full-length  chamber 
installation.  This  duplicates  the  maximum  end  load  on  the  tube  assemblies  in  a full-length 
installation.  The  tube  assemblies,  expansion  joint  section,  and  support  stands  were  designed 
to  utilize  a minimum  of  material  with  simplified  fabrication  techniques  for  maximum  cost 
reduction. 

3.1.2  Rails 

The  rail  size  was  limited  to  a shape  that  would  fit  into  a 5-  by  10-in.  rectangular 
area.  The  maximum  rail  height  of  10  in.  was  defined  by  the  selected  tube  diameter  of 
30  in.  and  model  diameter  of  8 in.  Experience  with  other  installations  indicated  that 
a nominal  width  of  5 in.  reduced  to  approximately  1 in.  at  the  model  contact  surface 
would  not  produce  excessive  interference  with  the  flow  over  the  model  and  would  provide 
adequate  area  for  viewing.  A nominal  tube  diameter  of  30  in.  was  dictated  by  a ratio 
of  test  chamber  diameter  to  model  diameter  which,  based  on  previous  experience,  would 
ensure  that  wall  effects  would  not  interfere  with  the  flow  over  the  model.  Several  beam 
cross  sections  (shown  in  Fig.  6)  were  considered  for  rails  before  two  were  chosen  for 
testing.  The  choice  of  the  25.12-lb/ft  beam  (beam  5,  Fig.  6)  was  based  on  the  low  deflection 
for  the  weight  of  material  using  a standard  I-beam  shape.  The  shape  was  easy  to  fabricate 
and  could  be  readily  rolled  with  modified  beam  rolling  equipment  in  quantities  required 
for  the  full-length  track. 

The  48.7-lb/ft  rail  (beam  12,  Fig.  6)  was  designed  to  minimize  deflection  with  a 
beam  weight  approximately  twice  that  of  the  lighter  weight  beam  (25.12  Ib/ft)  being 
investigated.  The  beam  geometry  was  established  by  distributing  the  area  for  minimum 
deflection  for  the  weight  of  material  considering  ease  of  manufacture  of  the  special  I-beam 
shape  either  by  fabrication  or  by  rolling  with  modified  beam  rolling  equipment.  Again, 
the  size  would  fit  into  the  desired  5-  by  10-in.  rectangular  area.  Material  for  all  rails 
was  low  carbon  steel  (ASTM-A-36-62T). 

When  the  48.7-Ib/ft  rails  (Sections  5.7  and  5,8)  were  installed,  the  only  rails  exchanged 
were  number  9 for  number  6 and  number  10  for  number  5 in  the  10-ft-Iong  tube  assembly. 
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All  other  rails  were  left  in  place.  To  replace  the  rails,  the  assembly  was  removed  from 
the  test  assembly,  taken  to  the  shop,  rails  exchanged,  returned  and  reinstalled. 

3.1.3  Insulation 

The  tube  assemblies  were  wrapped  between  the  flanges  with  a 3,5-in.-thick  layer 
of  fiber  glass  insulation  as  shown  in  Fig.  7 (U  = 0.091  Btu  hr/ft^/^F),  in  the  cases  for 
which  measurements  were  obtained  for  insulated  conditions. 

3.1.4  Rail  Loading  Device 

The  rail  loading  device  consisted  of  a jacking  block  between  the  upper  left  and  lower 
right  rails  attached  to  rods  extending  through  the  tube  wall  and  anchored  to  a jack  stand 
on  the  foundation  as  shown  in  Fig.  8.  Small  hydraulic  jacks  mounted  on  the  jacking 
block  and  jacked  separately  against  each  rail  provided  the  required  rail  load.  The  loading 
device  was  moved  and  installed  at  three  different  locations  (Stations  30,  60,  and  90,  see 
Fig.  5 for  station  locations). 

3.1.5  Sunshade  and  Heaters 

A sunshade  was  installed  over  the  complete  test  assembly  as  shown  in  Fig.  9 and 
remained  during  all  the  testing  except  for  the  portion  in  which  the  tubes  were  insulated. 
Twelve  750-w  (9,000  w total)  electric  strip  heaters  were  installed  on  the  outside  of  the 
tube  assembly  (on  the  top  portion)  to  obtain  a rough  simulation  of  sunny  day  conditions. 
The  strip  heaters  covered  an  area  approximately  3 in.  wide  by  100  in.  long  on  each 
tube  section.  The  flanges  were  not  heated.  Before  the  sunshade  was  installed,  the 
temperature  difference  between  the  top  and  bottom  of  the  tube  assemblies  was  observed 
during  a day  of  hot  sunshine  (90  to  94“F)  and  found  to  be  approximately  SO^F.  This 
temperature  difference  was  maintained  during  temperature  testing.  Iron-constantan 
thermocouples  were  installed  at  the  top,  side,  and  bottom  of  the  tube  and  centered  between 
tube  flanges  (Stations  60  and  114).  A Leeds  and  Northrup  Speedmax  Recorder  was  used 
to  monitor  and  record  shell  temperatures. 

3.2  RAIL  FABRICATION  TOLERANCES 

The  rails  were  fabricated  by  welding  standard  low  carbon  steel  beam  sections  and 
plate  together  (ASTM-A36-62T).  The  steps  were  (1)  welding,  (2)  stress  relieving,  and  (3) 
grinding.  The  stress  relief  was  as  follows:  Heat  to  1,200“F,  soak  for  two  hr  per  in.  of 
thickness,  and  furnace  cool  with  a heating  rate  less  than  400°F  per  hr  and  a cooling  rate 
less  than  200"F  per  hr.  The  rails  were  measured  for  straightness  prior  to  installation  in 
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the  tube  assemblies.  All  rails  were  straight  within  0.002  in.  except  for  one  which  was 
straight  within  0.008  in.  Soon  after  testing,  the  rails  were  removed  and  remeasured  (sec 
Section  5.1). 


4.0  MEASUREMENT  EQUIPMENT  AND  METHOD 

4.1  SCOPE,  TARGET,  AND  TAPE 

The  scope  used  was  a Keuffel  and  Esser  (K&E)  alignment  telescope,  catalog  number 
71220,  mounted  on  a Brunson  Model  370  collimating  test  stand.  The  reticle  in  the  scope 
was  located  approximately  11  ft,  1 in.  from  station  0 {end  of  rail  nearest  scope).  The 
instrument  accuracy  is  ±0.002  in.  at  40  ft  and  ±0.004  in.  at  80  ft  per  K&E  specifications. 

A target  was  mounted  on  a specially  designed  holder  which  was  spring  loaded  against 
two  rails  simultaneously,  either  the  lower  or  upper  rails.  The  target  and  target  holder 
are  shown  in  Fig.  1 0.  Packing  glands  in  the  test  assembly  end  flanges  were  provided  for 
the  target  pull-wire.  A steel  measuring  tape  was  used  to  locate  measuring  stations. 

4.2  PROCEDURE  FOR  MEASUREMENTS 

Prior  to  data  taking,  the  telescope  centerline  was  aligned  to  the  centerline  of  the 
test  assembly.  The  test  assembly  centerline  was  defined  as  a line  established  with  the 
target  set  at  stations  4.25  and  231.00  (limits  of  travel  of  target  due  to  end  flanges).  Station 
4.25  is  over  a pivot  point,  while  station  231.00  is  7.33  in.  from  a pivot  point.  Since 
the  rails  are  rotated  45  deg  from  the  vertical  and  horizontal  centerlines  of  the  vessel, 
the  telescope  was  also  rotated  so  that  the  telescope  centerlines  would  be  parallel  to  the 
rail  surfaces. 

Measurements  were  taken  by  pulling  the  target  from  station  to  station  through  the 
vessel  with  the  target  position  being  read  as  (+)  (above  centerline  of  telescope)  and  (-) 
(below  centerline).  A plus  (+)  reading  indicated  the  rail  was  higli,  and  a minus  (-)  reading 
indicated  the  rail  was  low.  After  the  measurements  were  taken  at  all  stations  on  the  lower 
or  upper  rails,  the  target  holder  was  rotated,  and  the  opposite  rails  were  measured. 

The  stations  were  located  using  a steel  measuring  tape  to  measure  pull-wire  lengths 
extending  outside  the  flanges. 

4.3  ACCURACY  OF  MEASUREMENTS 

The  accuracy  of  measurements  was  dependent  on  the  telescope  accuracy, 
environmental  conditions,  and  the  telescope  operator.  The  distance  from  the  telescope 
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to  the  target  varied  from  approximately  11  to  3 1 ft.  Recorded  measurements  included 
the  telescope  inaccuracy,  rail  straightness,  machining  deviations,  and  rail  deadweight 
deflection  in  addition  to  the  deflections  created  by  the  condition  being  investigated. 

4.4  METHOD  OF  EVALUATION 

All  measurements  obtained  during  this  investigation  are  recorded  in  Appendix  A,  and 
an  examination  of  the  rail  measurements,  except  for  the  rail  transverse  loading 
measurements,  indicated  that  distortion  of  the  rails  between  support  points  (bowing  and 
twisting)  greater  than  the  error  level  of  the  measurements  did  not  occur  (see  Fig.  A-2 
for  a representative  plot  of  measurements  taken).  Therefore,  movements  of  the  rails  at 
the  rail  support  points  (Stations  4.25,  115.71,  124.25,  and  223.67)  are  considered  here 
to  define  the  total  movement  of  the  rails  as  installed  and  supported  in  the  prototype 
chamber.  The  rail  support  points  are  pivot  points  of  the  simply  supported  rails. 

Although  the  rails  were  installed  perfectly  centered  to  the  flanges  in  the  shop,  they 
became  misaligned  during  the  initial  test  installation.  This  misalignment  constantly  changed 
during  testing,  as  a result  of  stress  relief  from  aging  and  load  cycling,  atmospheric 
temperature  changes,  and  the  inability  to  accurately  adjust  the  supports  at  initial 
installation.  This  initial  misalignment  was  such  to  either  increase  or  decrease  the  actual 
measured  step  between  adjoining  rails  depending  on  direction  of  movement.  The  recorded 
measurements  in  Appendix  A include  the  initial  misalignment  at  the  reference  condition. 

Rail  steps,  or  joint  discontinuities,  between  rail  surfaces  across  the  joints  are  those 
actually  measured  unless  noted  "corrected”  which  indicates  that  an  adjustment  was  made 
to  the  measurement  to  evaluate  the  misalignment  of  the  rails  had  they  been  perfectly 
aligned  at  the  start  of  the  test.  Joint  misalignment  did  not  affect  the  displacement 
measurements. 

Consistent  with  comments  above,  only  the  measurements  at  the  support  points  were 
used  in  evaluating  the  effect  of  the  various  conditions,  and  these  data  are  presented  in 
Figs.  1 1 through  26. 

5.0  MEASUREMENTS  OF  DEFLECTIONS  AND  MOVEMENTS 
5.1  DIMENSIONAL  CHANGE  OF  COMPONENT  PARTS  AFTER  AGING 

Table  A-1  of  Appendix  A presents  measurements  of  the  straightness  of  all  rails  taken 
before  installation  and  again  after  conclusion  of  testing  approximately  three  months  later. 
Comparison  of  these  before  and  after  measurements  indicates  that  the  rails  do  lose 
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straightness  as  they  age.  This  condition  can  result  from  the  relaxation  of  internal  stresses 
due  to  room  temperature  creep. 

One  could  expect  similar  dimensional  changes  in  the  tube  assemblies  since  they  were 
constructed  of  similar  materials  with  no  post-weld  heat  treatment.  The  validity  of  this 
logic  was  supported  by  the  following:  The  rails  were  installed  in  the  tube  assemblies  with 
the  distance  between  adjacent  rail  faces  accurately  set  to  8.000  in.  This  distance  was 
remeasured  during  testing  of  the  thermally  insulated  tube  assembly  at  atmospheric  pressure 
and  at  a temperature  near  that  of  the  shop  during  installation  of  the  rails  in  the  tube. 
The  changes  in  rail  position  resulting  from  approximately  three  weeks  of  aging  are 
illustrated  in  Fig.  11. 

The  rail  and  tube  assemblies  were  fabricated  from  mild  carbon  steel  shapes  joined 
by  welding.  The  rails  were  stress  relieved  as  described  in  Section  3.2,  while  all  other  parts 
were  left  in  the  as-welded  condition.  The  stress  relieving  process  did  not  prevent  changes 
in  straightness  of  the  rails  as  they  aged.  The  tube  assemblies  were  not  heat  treated  because 
a considerable  cost  reduction  could  be  made  on  the  production  parts  if  this  test  had 
shown  satisfactory  dimensional  stability  without  heat  treatment. 

5.2  REPEATABILITY  (ATMOSPHERIC  PRESSURE) 

A 10-ft  section  of  tube  assembly  including  rails  was  installed  with  centerline  guides 
between  the  tube  and  its  support  stands,  and  measurements  were  made  to  establish  rail 
surface  positions.  This  tube  assembly  was  then  removed  and  the  entire  procedure  repeated 
for  a total  of  three  times.  The  measurements  indicate  that  repeatability  of  rail  position 
follosving  removal  and  reinstallation  of  the  tube  assembly  on  its  support  was  good  when 
using  centerline  guides.  Figure  12  indicates  that  the  maximum  difference  in  position  of 
any  rail  at  its  support  point  was  0.011  in. 

.The  centerline  guides  were  removed,  and  the  procedure  described  above  was  repeated. 
Rail  measurements  indicated  that  the  assembly  did  not  repeat  position  quite  as  well  as 
with  the  centerline  guides.  Figure  13  indicates  that  the  rail  position  difference  increased 
to  a maximum  of  0.014  in. 

All  subsequent  testing  was  done  using  the  centerline  guides. 

5.3  MODIFIED  l-RAIL,  25.12  LB/FT 

This  rail  and  tube  configuration  was  tested  under  atmospheric,  1 5 psig,  and  vacuum 
conditions  with  and  without  heating  while  protected  by  a sunshade.  The  tops  of  the  tube 
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assemblies  were  heated  to  produce  a temperature  gradient  of  approximately  30“F  from 
top  to  bottom. 

Measured  rad  displacements  at  IS  psig  and  vacuum  relative  to  the  position  at 
atmospheric  pressure  without  heating  are  shown  in  Fig.  14.  Figure  15  shows  rail 
displacements  at  atmospheric  pressure,  15  psig,  and  vacuum  with  heat  applied  relative 
to  the  position  at  atmospheric  pressure  without  heating.  The  maximum  indicated  steps 
across  the  joint  between  adjoining  rail  surfaces  shown  in  these  plots  are  0.019  in.  (corrected, 
see  Section  4.4)  with  heat  applied  and  0.017  in.  (corrected)  without  heat.  The  maximum 
steps  actually  measured  were  0.018  in.  with  heating  and  0.013  in.  without  heating. 

5.4  MODIFIED  1-RAIL,  25.12  LB/FT  SUPPORTED  AT  CENTER 

BY  WALL  OF  TUBE 

The  rail  and  tube  configuration  and  test  procedure  duplicate  those  described  in  Section 
5.3  except  that  an  additional  rail  support,  at  mid-span  of  the  rail  and  attached  to  the 
wall,  was  installed. 

Measured  rail  displacements  at  15  psig  and  vacuum  relative  to  the  position  at 
atmospheric  pressure  are  shown  in  Fig.  16.  Figure  17  shows  rail  displacements  at  the 
three  pressure  conditions  with  heat  applied  relative  to  the  position  at  atmospheric  pressure 
without  heating.  The  maximum  indicated  steps  across  the  joint  between  adjoining  rail 
surfaces  shown  in  the  plots  are  0.025  in.  (corrected)  with  heat  applied  and  0.018  in. 
(corrected)  without  heat.  The  maximum  steps  actually  measured  were  0.018  in.  with 
heating  and  0.014  in.  without  heating. 

5.5  MODIFIED  l-RAIL,  25.12  LB/FT  WITH  TUBE  INSULATED 

The  rail  and  tube  configuration  and  test  procedure  were  similar  to  those  described 
in  Section  5.3.  Tests  were  made  under  atmospheric,  15  psig,  and  vacuum  conditions  after 
installing  a 3.5-ih.  thickness  of  fiber  glass  thermal  insulation  on  the  tube  assemblies  (see 
Fig.  7).  Tests  were  made  on  a sunny  day  without  a sunshade  being  used. 

Measured  rail  displacements  at  IS  psig  and  vacuum  relative  to  the  position  at 
atmospheric  pressure  are  shown  in  Fig.  18.  The  maximum  indicated  step  across  the  joint 
between  adjoining  rail  surfaces  shown  in  the  plot  is  0.006  in.  (corrected).  The  maximum 
step  actually  measured  was  0.013  in. 

This  was  the  best  rail  and  tube  configuration  tested  as  determined  by  minimum  rail 
displacements  under  all  pressure  conditions. 
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5.6  MODIFIED  l-RAIL,  25.12  LB/FT  SUPPORTED  AT  CENTER 

BY  WALL  OF  TUBE  WITH  TUBE  INSULATED 

The  rail  and  tube  configuration  and  test  procedure  duplicate  those  of  section  5.5, 
except  that  an  additional  rail  support,  at  mid-span  of  the  rail  and  attached  to  the  tube 
wall,  was  installed. 

Measured  rail  displacements  at  1 5 psig  and  vacuum  relative  to  position  at  atmospheric 
pressure  are  shown  on  Fig.  19.  The  maximum  indicated  step  across  the  joint  between 
adjoining  rail  surfaces  shown  in  the  plot  is  0.007  in.  (corrected).  The  maximum  step  actually 
measured  was  0.012  in. 

5.7  SPECIAL  l-SHAPE,  48.7  LB/FT 

The  rail  and  tube  configuration  and  the  test  procedure  were  similar  to  those  described 
in  Section  5.3.  Two  of  the  25.12-lb/ft  rails,  numbers  5 and  6,  were  replaced  with  48.7-lb/ft 
rails,  numbers  10  and  9,  respectively.  The  rail  numbering  and  location  scheme  is  presented 
in  Fig.  A-1  of  the  Appendix  A.  Measurements  were  made  under  atmospheric,  15  psig, 
and  vacuum  conditions  with  sunshade  protection.  The  tops  of  the  tube  assemblies  were 
heated  to  produce  a temperature  gradient  of  approximately  30'F  top  to  bottom. 

Measured  rail  displacements  at  15  psig  and  vacuum  relative  to  the  position  at 
atmospheric  pressure  without  heating  are  shown  in  Fig.  20.  Figure  21  shows  rail 
displacements  at  atmospheric  pressure,  15  psig,  and  vacuum  with  heat  applied  relative 
to  the  position  at  atmospheric  pressure  without  heating.  The  maximum  indicated  steps 
across  the  joint  between  adjoining  rail  surfaces  shown  in  the  plots  are  0.014  in.  (corrected) 
with  heat  applied  and  0.009  in.  (corrected)  without  heat.  The  maximum  steps  actually 
measured  were  0.014  in.  with  heating  and  0.012  in.  without  heating. 

5.8  SPECIAL  l-SHAPE,  48.7  LB/FT  SUPPORTED  AT 

CENTER  BY  WALL  OF  TUBE 

The  rail  and  tube  configuration  and  test  procedure  duplicate  those  described  in  Section 
5.7,  except  that  an  additional  rail  support  attached  to  the  tube  wall  at  midspan  of  each 
rail  was  installed. 

Measured  rail  displacements  at  15  psig  and  vacuum  relative  to  the  position  at 
atmospheric  pressure  are  shown  in  Fig.  22.  Figure  23  shows  rail  displacements  at  the 
three  pressure  conditions  with  heat  applied  relative  to  the  position  at  atmospheric  pressure 
without  heating.  The  maximum  indicated  steps  across  the  joint  between  adjoining  rail 
surfaces  shown  in  the  plots  are  0.013  in.  (corrected)  with  heat  applied  and  0.006  in. 
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(corrected)  without  heat.  The  maximum  steps  actually  measured  were  0.008  in,  with 
heating  and  0.016  in.  without  heating. 

5.9  EFFECTS  OF  TUBE  PENETRATION 

Penetrations,  or  openings,  were  added  to  the  tube  assembly  as  shown  in  Fig.  24. 
Except  for  these  penetrations,  the  rail  and  tube  configuration  and  test  pressures  were 
unchanged  from  those  in  Section  5.7.  Tube  heating  was  not  used  in  this  test. 

Measured  rail  displacements  at  15  psig  and  vacuum  relative  to  the  position  at 
atmospheric  pressure  are  shown  in  Fig.  25.  The  maximum  indicated  step  across  the  joint 
between  adjoining  rail  surfaces  shown  in  the  plots  is  0.006  in.  (corrected).  The  maximum 
step  actuaUy  measured  was  0.013  in. 

5.10  RAIL  LOADING  (ATMOSPHERIC  PRESSURE) 

5.10.1  25.12-lb/ft  Rail 

This  rail  and  tube  configuration  was  similar  to  that  described  in  Section  5.3  It 
consisted  of  the  tube  assemblies  with  a complete  set  of  25.12-lb/ft  rails  and  shell 
penetrations.  Provision  was  made  for  loading  one  pair  of  opposing  rails,  consisting  of  the 
upper  left  (number  5)  and  lower  right  (number  6).  A single  force  of  6,400  lb  was  applied 
sequentially  to  rails  number  5 and  6 at  stations  30,  60,  and  90. 

The  6,400  Ibf  simulated  a predetermined  reasonable  maximum  rail  load  for  a reentry 
vehicle  test  facUity  of  this  size.  This  value  was  obtained  from  a flexible  model  loading 
analysis,  which  indicated  that  thick-wall  Lexan®  projectiles  can  experience  acceleration 
loads  of  about  an  order  of  magnitude  less  than  a rigid  body,  if  the  dynamic  design  is 
appropriate.  This  analysis  yields  a load  of  6,400  lb  for  a typical  8-in.  projectile  traversing 
a 0.001-in. /ft  curvature  at  18,000  ft/sec. 

Rail  position  measurements  were  made  immediately  after  either  loading  or  unloading 
a rail  to  minimize  the  possible  effect  of  temperature  changes. 

Measured  rail  displacements  of  the  loaded  rail  and  its  abutting  rail  produced  by  each 
of  the  six  positions  of  load  are  shown  in  Fig.  26.  The  maximum  indicated  step  across 
the  joint  between  adjoining  rail  surfaces  shown  in  the  plots  is  0.012  in.  (corrected).  The 
maximum  step  actually  measured  was  0.019  in. 
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5.10.2  48.7-lb/ft  Rail 

Two  of  the  25.12-lb/ft  rails,  numbers  5 and  6,  were  replaced  with  48.7-lb/ft  rails 
numbers  10  and  9,  respectively.  AU  rail  loading  and  measurement  procedures  described 
in  Section  5.10.1  were  repeated. 

Measured  rail  displacements  of  the  loaded  rail  and  its  abutting  rail  produced  by  each 
of  the  six  positions  of  load  are  shown  in  Fig.  26.  The  maximum  indicated  step  across 
the  joint  between  adjoining  rail  surfaces  shown  in  the  plot  is  0.012  in.  (corrected).  The 
maximum  step  actually  measured  was  0.023  in. 

Rail  displacement  measured  at  mid-span  points  and  corrected  for  support  point 
displacements  were  not  greater  than  the  calculated  values. 

6.0  COMPARISON  OF  PERFORMANCE 

A summary  of  test  conditions  and  results  is  shown  in  Table  1. 

The  repeatability  of  rail  position  when  removing  and  installing  a tube  assembly  with 
a V-type  of  support  was  improved  by  the  addition  of  a centerline  guide  between  the 
tube  and  its  support  stand  as  indicated  by  the  measurements  discussed  in  Section  5.2. 

The  measurements  for  the  modified  I-rail,  25.12  Ib/ft,  with  the  tube  insulated  as 
described  in  Section  5.5,  indicated  that  changes  in  pressure  from  atmospheric  to  either 
vacuum  or  1 5 psig  has  a small  effect  on  rail  position  since  rail  displacements  ranged  from 
0.00  to  0.010  in.  maximum.  The  same  rail  and  tube  configuration  protected  by  a sun 
shield  instead  of  insulation,  (Section  5.3)  had  rail  displacements  ranging  from  0.00  to 
0.037  maximum.  When  the  tops  of  the  tube  assemblies  were  heated  to  produce  a 30“F 
temperature  gradient  from  top  to  bottom,  the  rail  displacements  ranged  from  0.000  to 
0.012  in.  maximum  at  atmospheric  pressure,  and  0.007  in.  minimum  to  greater  than  0.053 
in.  maximum  at  vacuum  and  15  psig.  Comparison  of  the  above  displacements  indicates 
that  0.010  in.  is  the  maximum  displacement  resulting  from  the  pressure  changes  vrith 
the  assemblies  insulated.  However,  when  the  assemblies  were  heated  much  greater 
displacements  for  the  same  pressure  changes  were  noted  (see  Fig.  15).  Apparently  an 
unstable  condition  in  the  tube  assemblies  develops  upon  heating  causing  greater 
displacements  for  all  the  heated  configurations. 

It  is  evident  that  the  thermal  insulation  minimizes  temperature  gradients  within  the 
tube  assembly  and  greatly  reduces  the  attendant  rail  displacements. 

The  effect  of  a center  support  can  be  evaluated  using  the  configurations  described 
in  Sections  5.5  and  5.6  since  the  insulation  essentially  eliminates  distortion  caused  by 
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temperature  gradients.  The  change  in  rail  displacements  caused  by  center  supports  ranges 
from  0.00  to  0.016  in.  at  vacuum  and  from  0.00  to  0.018  in.  for  15  psig.  This  indicates 
that  various  pressure  conditions  cause  the  tube  to  deflect  which  causes  the  center  support 
and  rail  to  move. 

When  the  special  I-shape  48.7-lb/ft  rails  (Sections  5.7  and  5.8)  were  installed,  the 
displacements  measured  did  not  agree  very  closely  with  the  previous  configuration.  The 
rails  in  the  tube  section  that  were  left  in  place  had  different  displacements  than  before, 
even  though  they  were  left  undisturbed  except  for  the  bolting  together  of  the  sections. 
Apparently  some  strain  either  existed  before  the  removal  of  the  tube  assembly  or  was 
induced  during  the  reinstallation  due  to  the  flange  bolting  sequence  or  an  inadequate 
self-alignment  feature  on  the  support  stands.  Error  in  flange  face  squareness  to  rail  axis 
could  also  have  been  a factor. 

Rail  displacements  determined  after  the  penetrations  were  installed  (Section  5.9)  were 
within  the  same  minimum  and  maximum  displacements  as  shown  in  Section  5.7  at 
atmospheric,  vacuum,  and  1 5 psig  pressures.  The  addition  of  the  penetration  and  weld 
shrinkage  caused  a noticeable  deflection  of  the  tube  material  toward  the  tube  centerline 
in  the  vicinity  of  the  penetration.  However,  it  had  little  effect  on  the  rails. 

The  rail  displacements  at  the  support  points  due  to  rail  loading  for  both’  the  25.12- 
and  the  48.7-lb/ft  rails  (Sections  5.10.1  and  5.10.2)  had  displacements  at  the  pivot  points 
of  0.018  in.  or  less  except  for  two  measurements  at  station  4.25  with  the  lower  right 
rail  (No.  9)  loaded.  Since  the  time  span  of  the  measurements  virtually  eliminated 
temperature  effects,  the  rail  displacements  are  the  combined  deflections  of  rail  supports, 
tube  assemblies,  flanges,  and  support  stands. 

The  proposed  ablation  erosion  chamber  design  concept  employs  simple  pinned  and 
guided-end  supports  for  the  rails.  Therefore,  the  exact  shape  and  stiffness  of  the  rails 
should  not  greatly  influence  deflections  of  the  tube  or  rail  support  system  resulting  from 
temperature  and  pressure  effects  on  the  tube.  The  comparison  of  the  test  data  taken  with 
the  alternate  rail  shape  installed  in  the  tube  supports  this  comment. 

7.0  CONCLUDING  REMARKS 

The  modified  I-rail  (25.12  Ib/ft  with  insulation  and  without  rail  center  supports, 
(Section  5.5)  was  the  best  configuration  based  on  minimum  rail  movement.  This  result, 
however,  could  not  be  directly  traced  to  the  use  of  this  rail  configuration  rather  than 
the  48.7-lb/ft  rail.  This  configuration  with  centerline  guides  had  better  repeatability  than 
the  configuration  without  centerline  guides, 
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It  was  found  that  displacement  due  to  pressure  was  much  greater  with  the  top  heated 
than  with  insulation.  Apparently  an  unstable  condition  was  created  in  the  tube  assemblies 
when  heat  was  applied. 

The  tube  assembly  was  distorted  slightly  near  the  penetrations  when  they  were  welded 
to  the  tube.  The  range  of  rail  displacements  prior  to  penetrations  was  0.001  to  0.012 
in.  compared  with  0.000  to  0.019  in.  after  penetrations  were  installed.  This  indicated 
that  the  penetrations  affected  the  rail  alignment  only  slightly  since  the  0.007-in.  maximum 
variation  includes  measurement  inacurracy. 

The  rail  displacements  due  to  rail  loadings  were  0.018  in.  or  less  except  for  two 
data  points,  which  were  0.032  and  0.039  in.  Since  temperature  effects  were  eliminated, 
the  displacements  were  due  to  the  deflections  of  the  tube,  flanges,  and  supports. 

The  measured  rail  deflections  at  midspan  were  not  greater  than  the  calculated  values. 

It  was  not  proved  that  the  48.7-lb/ft  rail  offers  any  advantage  over  the  25.12-lb/ft 
rail  except  in  reducing  rail  deflection  between  support  points  when  the  rail  was  loaded. 

The  following  facts  have  been  determined  based  on  the  testing  and  study: 

1.  The  rails  can  be  supported  by  attaching  only  at  each  end  to  the  tube  flanges. 

2.  A thin-wall  tube  can  be  used  satisfactorily. 

3.  Penetrations  can  be  made  in  the  tube  with  a small  effect  on  rail  alignment. 

4.  The  thin-wall  tube  cannot  be  used  to  support  a part  of  the  rail  load. 

5.  Mild  steel  component  parts  must  be  heat  treated  to  eliminate  dimensional 
changes  due  to  aging. 

6.  The  ablation/erosion  chamber  must  be  insulated  to  reduce  temperature 
effects. 

7.  Tube  sections  can  be  fabricated  and  rails  installed  in  the  shop  within  the 
accuracy  required  to  obtain  interchangeability  between  sections,  with  and 
without  penetrations. 

8.  The  assembly  must  have  centerline  guides. 

Further  testing  should  be  conducted  to  gain  additional  information  on  material 
stability,  insulation  requirements,  support  stand  requirements,  optimum  flange  and  tube 
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wall  thickness,  and  fabrication  and  installation  techniques.  The  additional  testing  should 
be  conducted  with  an  assembly  designed  with  the  same  concept  utilizing  the  infonnation 
gained  from  this  test  and  study.  The  following  changes  are  recommended: 

1.  Ail  components  of  the  tube  assembly  constructed  of  mild  steel  should  be 
heat  treated  using  the  best  known  methods  available  for  the  type  of  material 
being  used,  to  achieve  maximum  dimensional  stability. 

2.  Only  the  insulated  configuration  should  be  tested  with  tube  assemblies, 
flanges,  and  support  structure  fully  insulated  to  minimize  temperature 
effects. 

3.  The  mounting  pads  on  the  support  stands  should  self-align  and  have  height 
adjustments  to  eliminate  any  preloading  of  the  test  assembly  during 
installation. 

4.  Flanges  should  be  bolted  together  only  after  installing  insulation  on  the 
tubes  and  with  mating  tubes  maintained  at  or  very  near  the  same 
temperature. 

5.  Increase  flange  thickness  to  decrease  the  deflection  due  to  rail  loadings. 
However,  if  at  the  time  of  testing  infonnation  has  been  gained  to  indicate 
that  the  loads  are  less  than  the  6,400  Ibf  used  in  this  investigation,  the 
flange  thickness  should  be  adjusted  accordingly. 

An  estimated  cost  savings  of  40  to  50  per  cent  over  the  conventional  method  may 
be'  realized  in  fabricating  an  ablation/erosion  chamber  utilizing  the  test  results  obtained 
in  the  present  investigation. 
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Fi^jre  1.  Proposed  reentry  vehicle  ground  test  facility  with  8-in.-diam  model 


Figure  3.  Tube  assemblies  overall  view. 
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Figure  4.  Tube  asrembly  rail  support  pivots. 
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Figure  5.  Test  installation. 
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Figure  6.  Rail  cross  sections. 
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Beams  Conaldered  Load,  lb  Veluht/ft,  Lb  Streag.  PBl  Deflection.  In. 
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Figure  6.  Concluded. 
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Figure  10.  Target  holder. 
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Figure  11.  Change  in  dimensions  between  rails  due  to  aging, 
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Figure  13.  Innallation  repeatability  without  centerline  guides. 
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Figure  14.  Modified  l-rail,  25.12  Ib/ft,  displacements  for  atmospheric 
pressure,  vacuum,  and  15  psig  (with  sunshade). 
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Figure  17.  Modified  l-rail,  25.12  Ib/ft,  center  support,  displacements 
for  atmospheric  pressure,  vacuum,  and  15  psig  (with  top 
heated,  AT  = 30° F). 
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Figure  18.  Modified  l-rail,  25.12  Ib/ft,  insulated,  displacements  for 
atmospheric  pressure,  vacuum,  and  15  psig. 
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Figure  19.  Modified  l-rail,  25.12  Ib/ft,  center  support,  insulated, 
displacements  for  atmospheric  pressure,  vacuum, 
and  15  psig. 
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Figure  21.  Special  l-shipe,  48.7  Ib/ft  for  rails  No.  9 and  10,  all  others 
25.12  Ib/ft.  displacements  for  atmospheric  pressure, 
vacuum,  and  15  psig  (with  top  heated,  AT  - 30°  F). 
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Figure  22.  Special  l-shape,  48.7  Ib/ft  for  rails  No.  9 and  10,  all  others 
25.12  Ib/ft,  center  support,  displacements  for  atmospheric 
pressure,  vacuum,  and  15  psig. 


DBTiatlon 


AEDC-TR-76-132 


Rail  No. 


Figure  23.  Special  l-shape,  48.7  Ib/ft  for  railt  No.  9 and  10,  all  othen 
25.12  Ib/ft,  center  support,  displacements  for  atmospheric 
pressure,  vacuum,  and  15  psig  (with  top  heated,  AT  “ 30°  F). 
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All  Dimensions  in  Inches 


Figure  24.  Penetration  in  shell. 
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Figure  26.  Rail  displacements  caused  by  loading  (rails  9 and  10,  48.7  Ib/ft; 
all  others,  25.12  Ib/ft). 
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Table  1.  Summary  of  Test  Conditions  and  Results 


T«Bt 

CooflgurBtloa 

Rnll 

Foflltlon, 

In. 

Freeaurc 

Teat  CoDdltluna 

AtnospherlC 

IS  p.l« 

Vacuum 

Sunahield 

Inaulate4 

Without 

Beet 

Ultheuc 

Center 

Support 

with 

Center 

Support 

Loaded  at 
Scatlona 
30  * 60*  and  90 

Section  S.3 
Figure  14 

K«nl«usn 

Dlsplncement 

0.029 

0.037 

X 

X 

X 

Hoxlaua  Step 
(Ac  tunl 
, Ifeiisure&iea  t ) 

OeOlO 

m 

0.013 

X 

X 

X 

HnlimiK  Step 
(VI ch  Perfect 
Initial 
AliBnaeDt) 

0.014 

0.017 

X 

X 

X 

Section  5.3 
Figure  15 

N^SllBUB 

Dleplacemenc 

0.014 

>0.053 

0.053 

X 

z 

X 

■ 

HAzlffium  Step 
(Actual 
Measuraaent} 

0.016 

0.018 

0.017 

* 

X 

X 

Kaxlnva  Step 
(With  Perfect 
Initial 
Allgmoent) 

0.019 

0.006 

0.005 

X 

X 

X 

Section  5*4 
Figure  16 

Maxtcnnii 

Displacei&eat 

0.040 

0.031 

X 

X 

X 

Haxlmun  Step 

(Actiinl 

Menaurasient) 

0.010 

0.014 

X 

X 

X 

HaxianiS)  Step 
(Vlth  Perfect 
Initial 
Allgniaent) 

0.017 

X 

X 

X 

Section  5«4 
Figure  17 

Maxiatm 
Diap  lac  eaent 

0.020 

0.038 

0.035 

X 

X 

X 

KaximuD  Step 
(Actual 
Heaeuremenc) 

0.015 

0.015 

o.oia 

z 

X 

X 

Mazlmun  Step 
(Hltb  Perfect 
ipltlal 
AllgomenO 

0.007 

0.02S 

Q.016 

X 

X 

X 
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Table  1.  Continued 


Pi 

ensure 

Test  Coxidltipns 

Test 

C on£ 1 gura t lo r 

Rail 

PoaLtlon 

in. 

Atcraspberlc 

13  palg 

VaciLun 

Sunshleld 

Insulated 

without 

Beat 

with 

Beat 

Without 

Ceocer 

Support 

With 

Center 

Support 

Loaded  at 
Stations 
30 » 60 1 and  90 

KftxloMD 

DlsplaceneflC 

0.010 

0.006 

X 

X ' 

X 

S«ccion  5.5 
Figure  16 

HAXlmuD  Step 
(Actual 
HeaaureiBenC) 

0.008 

0.013 

0.010 

X 

X 

X 

HajclmuiD  Step 
(With  Perfect 
Initial 
Allgnoent) 

D.006 

O.Q04 

X 

X 

X 

NaxlmuD 

Displacement 

0.016 

X 

X 

X 

Section  5.6 
Figure  19 

Hexlmun  Step 
(Actual 
Measurement) 

0.008 

0.012 

D.0I2 

X 

X 

X 

Naxlnum  Step 
(With  Perfect 
Initial 
Allgmaent) 

0.007 

X 

X 

X 

Max  Its  UD 
Dlsp lacenent 

X 

X 

X 

Section  5«7 
Figure  20 

Maxinua  Step 
(Actual 
^^easurei&ent) 

0.012 

0.008 

X 

X 

X 

Maxlnum  Step 
(With  Perfect 
Initial 
Alignment) 

0.009 

0.005 

X 

X 

X 
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Table  1.  Continued 


— 

Twt 

Configuration 

Bell 

Poet Cion, 
io. 

Freaaure 

Teat  Cofldlcio&a 

Aciaoopherlc 

15  polg 

Vacuua 

Sunahleld 

Inaulated 

WlthOMt 

Real 

mth 

Heat 

UlChout 

Center 

Support 

with 

Center 

Support 

Loaded  at 
Statlone 
30,  60,  and  90 

Section  S.7 
Figure  21 

Mexlffiua 

DleplaceaeDt 

0.011 

0.04A 

0,022 

X 

X 

X 

Kaxionia  Step 
<Actual 
Keeeureneae) 

o.ou 

0.DD3 

0.012 

X 

X 

X 

MeitlBua  Step 
<Vlch  Perfect 
Initial 
Allgnii«nt) 

o.oot 

>o.on 

0.014 

X 

X 

X 

SectlOD  5.8 
Figure  22 

Kaxlmun 

Dieplaceaeac 

0.017 

0.012 

X 

X 

* 

HulDuni  Step 
(Actual 
Heaaureoicfic) 

0.016 

>0.014 

0.016 

I 

X 

X 

Hulwa  Step 
(With  Perrccc 
Initial 
Allgnnent) 

0.006 

0.006 

X 

X 

X 

Section  S.B 
Figure  23 

HaRlBum 

Olaplacenent 

0.046 

0.041 

0.0J2 

X 

X 

X 

Haelnuis  Step 
(Actual 
Hcasucenent) 

>0.007 

0.008 

D.DD7 

X 

X 

X 

HaKltsim  Step 
(UUh  Perfect 
Inlcial 
AlLgnaenc) 

>0.010 

0.013 

>0.008 

X 

X 

X 
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Table  1.  Concluded 


Te&t 

Configuration 

Rail 

Poalclon, 

In. 

Pr 

sseure 

1 Test  Conditions 

Atmospheric 

T5  pelg 

Vacuum 

Sunahield 

Insulated 

Without 

Heat 

with 

Heat 

Without 

Center 

Support 

with 

Cancer 

Support 

Loaded  Ht 
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30^  60,  and  90 

Section  5.9 
FifiuEe  25 

Haxlflfuc 

DlepIaceTaeat 

0.019 

0.019 

X 

X 

X 

Step 
(Accua  1 
Keasuremeat) 

0.013 

0.009 

>0.012 

X 

X 

X 

MaalauB  Step 
(With  Perfect 
Initial 
Aligosiant) 

0.006 

0.001 

X 

X 

X 

SacttonS.IO.t 
Figure  26 

Maximum 

Dlaplacement 

0.013 

X 

X 

X 

X 

Maximun  Step 
(Actual 
Measurement) 

0.019 

X 

X 

X 

X 

Kaalmum  Step 
(With  Perfect 
Initial 
Alignment) 

0.012 

X 

X 

X 

X 

Hanlniim 

Displacement 

Q.Q39 

X 

X 

X 

X 

Section  5.10.2 
Figure  26 

Maxioum  Step 
(Actual 
Keasureaenc) 

0.023 

■ 

X 

X 

X 

X 

Maximum  Step 
(With  Perfect 
Initial 
Alignment) 

0.012 

1 

■ 

X 

X 

X 

X 
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Figure  A-2.  Modified  I-beam,  25.12  Ib/ft,  vacuum,  insulated. 
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Table  A-1.  Straightness  of  Rails  {25.12  Ib/ft  and  48.7  Ib/ft) 


Distance  from  End  of  Rail, 


BT* 

1 

AT* 

BT 

2 

AT 

BT 

3 

AT 

BT 

4 

AT 

BT 

5 

AT 

BT 

6 

AT 

BT 

7 

AT 

BT 

B 

AT 

BT 

9 

**> 

AT 

BT 

ID 

** 

AT 

BT*  O.OCm  0.000 

AT*  0.000  0.000 


BX  0.000  0.000 

AT  0.000  0.000 


BT  0.000  -M3 .001 

AT  0.000  0.000 


BT  0.000  -0.001 

AT  0.000  0.000 


BT  0.000  -0.001 

AT  0.000  -0.001 


BT  0.000  0.000 

AT  0.000  -+0.001 


BT  0.000  0.000 

AT  0.000  40.002 


BT  0.000  0.000 

AT  0.000  O.OOD 


BT  0.000  0.000 

AT  0.000  +0.002 


BT  0.000  +C. 001 


*BT  — Before  Testing, 
**43.7  Ib/ft 


.001-0.001  0.000-0.001 


+0.001  0.000  +0.001  +0.001 


0.000  0.000  0.000  0.000  -0.001 


0.000  +0.001  +0.001  +0.001 


0.000  0.000  0.000  0.000  0.000 


0.000  -0.001  -0.002  -0.002  -0.002 


.002  -0.002 


-0.001  -0.001  -0.002  -0.002  -0,002 


-0.001  -0.001  -0.002  -0.002 


IBIS 


0.000 


-0.002 


-0.001 


-0.001 


.002 


8 


-0.001 


+0.001 


0.000 


0.000 


0.000 


-0.001 


-0.001 


0.000 


-0.002 


9 


-0,001 


+0.001 


0.000 


-0.001 


0.000 


-0.001 


.000 


0.000 


-0.001 


-0.001 

0.000 

0.000 

+0.001 

+0.001 

0.000 

0.000 

-0.002 

-0.002 

-0.001 

0.000 

0.000 

+0.001  +0.002  +0.002  +0.003  +0.003 


.002  -0.002  -0.003 


+0.003  +0.003  40.003 


-0.001  -0.001  -0.001 


-0.001  0.000 


.000  0.000  0.000 


+0.009  40.008 


+0.002  +0.003  +0.004 


0.000  0.000  -0,001  -0.001  -0.001 


AT  - After  Testing 

I End  of  Rail 


+0.003 


-0.002 


+0.002 


-0.001 


-0.001 


.000 


+0,008 


+0.006 


0.000 


+0.002 


-0.002 


+0,002 


0.000 


0.000 


0.000 


+0.005 


+0.005 


0.000 


0.000 


-0.001 


+0.001 


0.000 


-0.002 


0.000 


+0.002 


+0,002 


0.000 


End  of  I 

I 

- — 10  ft  — -| 
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AtBoapfceric 

Preasurd 
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Sunabadfl 


Vaeuim 
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BuaabAd* 


15  psig 
vltl) 
Sunahftda 


Ataospberic 

PraBBur* 

Top  BomtBd 
50  dog  Approx  iMtB 


?«euQB 
Top  Heated 
30  deg  Apppoxlaete 


la  pBig 
Top  fleeted 
30  deg  Approximite 


AtBOspherLc 
Pressure  with 
Sunehede  Rail 
Support  et  Oeeter 


VSCUUB 

with  Sunabede 
Ball  Support 
at  Center 


15  pelg 
with  Suoahada 
Rail  Support 
et  Center 


Ralls 


Location  I Nd» 


LL  a B 1 


UR 


Heesured 

End 

MlaalignBent 
Vaxtuub,  In. 


Rail  Spacing 
Over  Full  Length 
a.OOOt,  la. 


1-0,014 

-0.016 

1-0.004 

-0.012 

LR  6*3 


Ut 
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Rail 

Cbnflgxiratlon 


Test 

Condi  t loti 


Atmospheric 
Pressure 
Top  Heated 
30  deg  Approxlnate 
Hall  Support 
at  Center 


VACUUB 

Top  Heated 
30  deg  Approximate 
Rail  Support 
at  Ceater 


15  paig 
Top  Heated 
30  deg  Approximate 
Rail  Support 
at  Center 


Atnospheric 

Pressure 

Insulated 


Vacuum 

Insulated 


15  palg 
Insulated 


AtBoepberlc 
Pressure 
Insulated 
Rail  Support 
at  Center 


Vacuum 
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Rail  Support 
at  Center 


15  pslg 
Insulated 
Rail  Support 
at  Center 


Rails 


Location 
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End 

Misalignment 
Naxlnuin,  in, 


Rail  Spacing 

Over  Full  Length  Remarks 
S.QOOt,  in. 


O.OIB 

-0.002 

0.006 

-0.016 
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wlU 

Sunshade 


Bc.sured 

Over  Full  Lensth 
Uisellgnaerit  ii.nivi+.  in. 


lUixlbUD,  In. 


B.OOOl,  in. 


48. T Lb>/ft 
fULle 
» h 10 
All  others 
25.12  Ib/ft 


Atnospheric 
Press jfs 
vl  tJi 

Sunshade 


No.  6 Sell 
Loaded  to  8,400 
lb  at  Station  30 


No.  9 Rail 
loaded  to  6,400 
lb  at  StattoQ  30 


No,  8 Rail 
loaded  to  6,400 
lb  at  Station  60 


No.  5 Rail 
loaded  to  6,400 
lb  at  Station  60 


No.  S Rail 
Loaded  to  6.400 
lb  at  Station  90 


No.  5 Ball 
Loaded  to  9,400 
lb  at  Station  60 


No.  9 Bail 
[Loaded  to  B.40Q 
lib  at  Station  30 


No.  10  Rail 
[Loaded  to  6,400 
lib  at  Station  SO 


No,  9 Rail 
iLoaded  to  6,400 
lb  at  Station  BO 


60 
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Item 

Rail 

Test 

Rails 

Measured 

End 

No, 

Oontiguratlon 

Condition 

Location  No. 

Hlaillgnment 

Haxlmun,  in. 

Rail  Spacing 
Ov0r  Pull  Length 
a.000±,  tn. 


48.7  Ib/ft 
Ralle 
9 fc  ID 
All  Others 
25.12  Ib/ft 


itftPBph«ric 

Pressure 

with 

Sunshade 


Vacuum 
wl  th 

Sunshade 


15  peig 
with 
Sunahnde 


Attaospherlc 
Pressure 
Top  Heated 
30  deg  Approximate 


Vacuum 
Top  Heated 
30  deg  Approx  iitate 


15  psig 
Top  Heated 
30  deg  Approxinate 


LL 

UR 


LL 

e It  1 

0.004 

+0.022 

UR 

Ij^P 

G.002 

+0.007 

No,  10  Rail 
Loaded  to  6 , 400 
lb  at  Station  60 


Ko.  9 Rail 
Loaded  to  6,400 
lb  at  Station  90 
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Table  A-2.  Concluded 


B«ll 

OonflguratLcn 


4B.7  Ib/ft 
lulls 
9 ft  ID 
All  OtAsra 
39.12  Ib/ft 


Teat 

OOOdltlOQ 


AtBOSpherIc 
Pressure 
viti) 
Bueshsde 
Support 
et  Oeoter 


Vacuum 
irith 
Sujiebede 
Support 
St  Csotsr 


15  pslft 
with 
Suoshade 
Support 
St  Ceater 


Ileaeured  ^ jt  « 

End  Spaelng 

Hlasllgn^enl 

Maxlnun,  Iji.  in. 


VSCUUB 
Top  HSftted 
3D  deg  Approxlaste 
Support 
St  Center 


18  pels 
Top  Heated 
30  deg  Appraxltnate 
Support 
St  Center 


AlBospberlc 
Presaure 
with  Bufishsde 
wUh 

Penetrations 
In  Vessel 


Vsoutta 

with  Bunabade 
with 

PeoetratlooB 
In  veaeel 


15  pelp 
with  Sunshade 
with 

Peoetrstions 
la  Veeael 
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Table  A-3.  Displaceinents  Due  to  Test  Conditions 


Ralls 

Vacuum  Vith  Sunahada 

1 5 pslg  Uith  Sunshade 

Iten 

Kdll 

Reference 

rtj 

n,  In. 

Ho. 

Conf Ig, 

Cofldl clan 

Loca* 

tlon 

a ^ 

Station,  In. 

Scaclcn,  In. 

WM 

No. 

6.25 

115.71 

126.25 

223,67 

4.25 

115.71 

124.25 

223.67 

6.23 

115.71 

4.25 

115.71 

126.25 

723.26 

■ 

Atno spheric 
Fressure 

tx 

B.1 

0 

n.noi 

0.004 

-0.009 

0 

■ 

25.12 

Ib/fc 

D 

0.002 

0.012 

0.003 

-0.002 

0.006 

0.002 

-0.009 

H 

■ 

With 

Sonshade 

Bl 

111 

D.004 

0.037 

0.006 

0.029 

0,015 

0 

i9 

■ 

n 

0.022 

0 

-0.003 

0.021 

0.005 

-0.004 

0.002 

0,005 

1 

■ 

Atsospherlc 

Pressure 

With 

B 

8,1 

O.OOS 

0.006 

0 

0 

0.001 

-0,002 

0.006 

1 

25.12 

Ib/£t 

11 

9 

0.017 

-0.009 

0.026 

-0.006 

-0.004 

-0.012 

0.036 

||B 

Kali 

9 

0.003 

-0.008 

-0.006 

“0.007 

0,003 

0.008 

C 

■ 

Canter 

^3 

D 

-0.012 

0.031 

0.016 

-0.020 

0.04D 

0.022 

-0.016 

R«ll8  Ho. 
9 and  10 
4S.7  Ib/ft 

LL 

8,1 

0.006 

0.010 

0.003 

0.007 

a. 012 

0.011 

O.OOA 

■ 

Acttoepherlo 

Preesure 

9 

0.001 

-0.010 

-0.005 

“0.003 

-0.006 

0.003 

0.004 

9 

All  Others 
25. 12 

With 

Sunnhada 

9 

0.007 

0.005 

0.006 

a.noi 

IQJQI 

0,012 

0,012 

0.003 

9 

■ 

Ib/ft 

-0.011 

-G.010 

-0,006 

-0.009 

-0.006 

-0.010 

-0.003 

-0.009 

9 

Kails  No. 
9 and  10 
68.7  Ib/fc 
All  Others 
25.12 
Ib/ft 

Atnospherlc 

0.007 

0.010 

0.009 

0.008 

0.006 

0.012 

H 

1 

With 

a 

0 

0,001 

9i 

Rail 

9,3 

0.008 

0.006 

0.007 

0.011 

0.010 

m 

HI 

■ 

Ceucej* 

10,6 

0.001 

0,006 

<1.001 

HP 

- 

^9 

9 

9i 

Table  A-3.  Continued 


Reference 

Condition 


Loca- 

tion 

Ho. 

4.25 

LL 

BpI 

-0.003 

4 

25-12 

Pr^BBure 

tm 

7,2 

-0.005 

lb7f  t 

With 
Suns  hade 

LR 

6.3 

0.002 

UL 

5.4 

0-001 

1 AdDospheclc 

LL 

8.1 

0.002 

ACanapherlc  PreB9ure»AT^  30deg 
Scdclon*  Id* 

*.25  115,71  1?4.25  223.67 

H3.0Q5  -0.009  0.010  D.DQ5 

-0,005  -0,010  -0.012  0 

0.002  0.010  O.C06  -O.OU 

0-001  -O.OIt  -0.008  -O.DTI 
0.002  0.012  0.006  0 


Tocimd.  at  • 30  deg  IS  pslg,  AT  ^ 30  deg 

SCAClnn^  in.  Station.  In.  Station,  in.  i 

1 1 1 I I , 

115.71  124.25  323.87  i.25  115.71  124.25  223.67  4..25  115.71  124.25  221.67 

0.016  0.033  0.032  0.035  0.007  0.032  0.034  0.050 

-0.0C7  -0.031  -0.035  -0.037  -0.010  -0.035  -0.035  -0.052 

-0.005  -0.016  -0.021  -0.053  -0.015  -0.022  -0.02B  MJ.053 


323.67 

4.25 

0.039 

0,007 

-0.037 

-0.010 

-0.053 

-0.015 

XJ.042 

0.012 

0 

0 

0.015  0.020  0.022  >0.042  0.012  0,011  0.013  >0.042 

I 0.002  0.005  -0.002  0 0 0,005  0.003  -0.004 
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Td)le  A-3.  Coneludml 


ICa 

I>0« 

Uil 

Cotif 

Bafaronca 

CoodltlOQ 

Rails 

LR  tO*4«d 

Clall  Ho. 

TTL  loaded  (Rati  lo.  S> 

LR 

Loaded 

(Rail  No 

5) 

1 "• 

Landed  (Sail  Ho 

!0) 

Sun 

ra.  In. 

Sc.tlo.,  In. 

ScacloD.  Id. 

Stacltn.  In.  1 

. 



No. 

4.25 

I 115.71 

124.25 

223*47 

4.25 

115.71 

124.25 

225.67 

4.25 

115.71 

■24.25 

223.47 

4.2S 

115.71 

134. 25 

223.47 

ACaoa^crlc 

0.003 

-0.002 

0.002 

-0.001 

0 

-0.003 

0 

-0.003 

tl 

25.12 

Ib/ft 

^raisure. 
Rail  Loaded 

-0.001 

0 

0 

0.004 

-0.005 

-0.002 

0 

0 

•c 

station  50 

-o'.oos 

-0.002 

0.001 

-0.002 

-0.002 

HJ.001 

0.D03 

-0.002 

*0.001 

-0.002 

-O.OD3 

0.013 

IQ 

0.002 

0 

AtBoopherle 
Pressura, 
Rati  Uad«d 

0 

-0.005 

-O.OOi 

-0.002 

Q.002 

0.0D3 

0.004 

-0.001 

12 

25.12 

Ib/ft 

0.004 

-0.002 

0.002 

-0.006 

-0.003 

0 

-0.004 

at 

Station  bO 

-0.003 

-0.001 

0 

0.004 

-0.001 

0 

0.008 

0.001 



-0.001 

-0.004 

0 

-0.001 

o.ooa 

o.oge 

0.003 

0 

«.T 

0.003 

0 

-0,005 

-O.D02 

0.009 

0.002 

0 

D 

u 

25.12 

ib/rt 

Pmaaore^ 

0.008 

0.003 

0 

0 

-0.001 

-0.005 

0.007 

0.005 

at 

D 

-0,003 

-O.OQ6 

HI, 001 

0.QD4 

-0,010 

0.001 

D.002 

0.002 

ESI 

D.005 

-0.003 

-0.002 

-o,ooe 

0 

0.005 

O.OOA 

O.008‘ 

— 

H 

H 

kaila  Hf>* 
9 and  10 
4S.7  Ib/fl 
All  Others 
25.12 
Ib/fc 

-0.002 

0 

H).0t>3 

0.001 

0.002 

0 

U 

Preaaure, 

D 

0.002 

-0.001 

0 

-0.002 

D.001 

0 

0.002 

at 

Station  30 

D 

-0.039 

0 

0 

0 

0.003 

0 

0 

10,4 

-0.003 

-0.003 

-0.003 

-0.006 

0.002 

0.002 

0 

Rstl«  No. 
9 and  10 
48,7  Ib/ft 

Ataospherle 

0,t 

—1 

BH 

0 

0.004 

0.001 

0.004 

0.017 

-0.007 

0,002 

0 

15 

PraeauTc, 
Rail  Loaded 

B 

E 

0.003 

-0.002 

-0-002 

0.001 

-0.005 

-0.001 

-0.006 

-0.001 

25.12 

ib/fc 

at 

Station  bO 

-0.005 

-0.002 

-0.002 

0,001 

-0.003 

-0.002 

0.003 

10.4 

-0.004 

-0.004 

0 

0.002 

O.ODZ 

0 

Rails  Ho. 
9 and  10 
48.7  Ib/fc 

8,1 

BHI 

BHIi 

HI 

BHI 

0 

0 

0 

■M 

-0,001 

-0.001 

0 

H 

Prassura. 

la 

HI 

Bi 

HI 

0. 

a 

-0.002 

0.001 

-0.003 

-0.001 

0 

“0.001 

All  Others 
25.12 
Ib/ft 

at 

-0.002 

-0.005 

0.002 

0 

-0.001 

O.OQ2 

0.006 

10,4  1 

— — 

-o.oos 

D.005 

-0.001 

0 

0.003 

EBBI 

B 

0,007 
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Table  A-4.  Test  Measurements  for  Typical  Section  of  a Prototype  of  a 
Proposed  Reentry  Vehicle  Ground  Test  Facility 


Scope  Instruoent 

Readi ng 

1 n 

1 tea 

Ho 

Conf Ifu ration 

S ta  t ion 

Remarks 

4 25 

32  12 

50  98 

87  85 

115  71 

124  25 

149  11 

173  96 

198  82 

223  67 

231  00 

A 

HcfOf  a labiii  tv 

a.  with  Centerline  Guide 
<No  Pressure) 

1.  Lower  Right  Ralls 

6 

t0.Q04 

+O.D10 

+0.018 

+0.024 

+0.034 

Lower  Left  Kall^ 

H 

•*0.004, 

+0.009 

<0.016 

+0.025 

+0.037 

Temperature  - 92*F.  1:12  pm 

Upper  Right  Ralls 

7 

+0.007 

+0.01B 

+0.025 

+0.033 

+0.038 

Reference  Datum  1 

Upper  Left  Haile 

5 

-0.007 

+0.005 

+0.012 

+0.019 

+0.025 

Lift  Out  Tube  Section 

Lift  Straight  Up.  Move 
Laterally  and  Axially  aod 
Re-lDbtall 

2.  Lower  Right  Halle 

6 

i0.003 

+O.OOR 

+0.017 

+0.024 

+0.033 

Lower  Left  Ralls 

6 

«D.003 

+0.008 

+0.015 

+D.D22 

+0.032 

Temperature  « L;40  pn 

Sun  Shining.  No  SuoshAde 
Reference  Datum  1 

I 

■ 

Upper  Right  Kailb 

7 

^0.006 

+0.016 

+0,023 

+0.026 

+0.037 

1 

■ 

Upper  Left  Rail^ 

-0.007 

+0.006 

4 0.012 

♦0.020 

+0.027 

1 

1 

Lltt  Out  Tube  Section 

Lift  Straight  Up,  Move 
Laterally  and  Axially  and 
He-lD'siall 

1 

■ 

3.  l.owcr  Right  Ralls 

6 

» 0.004 

+O.OOR 

+0  .014 

+0.022 

+0.031 

Lower  Left  Rail'^ 

H 

+0,005 

+0.010 

4 0 .on 

+0.024 

+0.031 

Tenperature . 94*F,  2:02  pm 
Sun  StilDlng,  No  Sunshade 
Reference  Datum  1 

Upper  Right  Ralls 

7 

*0.010 

+0.019 

♦ 0 ,0?6 

+0.032 

+0.037 

Upper  Left  Rails 

5 

-0,008 

+0.00J 

+ □ .010 

+D.012 

*0.016 

1.  Lower  Right  Ralls 

6 

4.0.008 

+0,009 

♦0.003 

+0.015 

*0.022 

Lower  Lett  Rails 

h 

-0.003 

0 

+0.005 

+0.D11 

+0.018 

Temperature  = 78*F,  7:37  an 
SuQ  Shining,  No  Sunshade 

Upper  Right  Railb 

7 

0 

+0,007 

+0.014 

+0.020 

+0.025 

Upper  Left  Rai]«i 

D 

+0,003 

4 0.004 

+0.009 

+0.012 

Lift  Out  Tube  Section 

Lift  Straight  Up.  Hove 
Laterally  and  Axially  and 
Re-Inblall 
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Table  A-4.  Continued 


Scope  IneiruBeot 

Resdtng 

1 n 



It8» 

Do. 

Ooftf iRuratiaD 

1 Station 

Bemarks 

4 25 

32.12 

59  96 

87.95 

115  71 

124.25 

149  11 

173  96 

196  62 

223  67 

231  00 

A 

2.  Lover  Right  Rails 

G 

>0.012 

>0,014 

>0.016 

+0.024 

>0.033 

Lover  Left  rsIIh 

B 

-0.002 

>0.003 

>0.009 

>0.016 

>0.023 

Temperature  « 84*F,  6*45  am 

Upper  Right  Ralls 

7 

1-0.004 

>0.019 

>0.01$ 

>D.027 

>0,030 

Upper  Left  Ralls 

S 

>0.002 

>0.000 

>0.016 

>0.020 

>0.026 

Lift  Out  'nibe  Section 

Lift  Straight  Up,  Rove  Leterallf 
and  Axlallj  and  Ri^Inetall 

3.  Lover  Right  Ralls 

6 

>0.013 

>0,015 

>0.016 

>0.023 

>0.030 

Lower  Left  Ralls 

B 

0 

>0.004 

>0,010 

>0.016 

>0.024 

^ Temperature  - 85*F,  9:05  Oo  | 

Upper  Right  Ralls 

7 

>0.004 

>0.016 

>0  .019 

>0.027 

>0.030 

Reference  Uatiui  2 

Upper  Loft  Ralls 

5 

>0.003 

>0.010 

>0  .013 

>0,019 

>0.024 

E 

Hodlflad  1— fiGaa  Rail 
(25.12  Ib/ft) 

ft. 

Atmospheric  Pressure  with 
SuDSbade 

Lover  Left  Rslla 

1 

0 

-0.006 

-0  .006 

-0.013 

-0.020 

-0.010 

-0.005 

0 

Q 

0 

0 

Lover  Right  Ralls 

6. 

3 

0 

-O.OOB 

-0  .006 

-O.OQ9 

-o.ou 

-0.007 

-0.008 

0 

0 

0 

0 

Temperature  - 92*p,  10;10  am 
Sun  Shiolog,  vlth  Sunshade 
Reference  Datum  3 

Upper  Left  Ralls 

5. 

4 

-0.012 

-0.004 

-0.006 

-0.016 

-0.020 

-0.014 

-0.011 

-0.002 

D 

-0.009 

-0.005 

Upper  Right  Ralls 

2 

-0.008 

-0,001 

□ 

0 

-0.006 

-O.006 

0 

-0,008 

-0.011 

-0.016 

-0.012 

b. 

Vacuum  vlth  Sunshade 
(29  in.  Bg) 

Lover  Left  Ralls 

8. 

0 

-0.005 

-0.006 

-0.013 

-0,013 

-0.017 

-0.011 

-0,003 

D 

0 

>0.003 

Temtrarature  - 84* y,  3! 04  pm,  Cloudy 

Lover  Right  Ralls 

G, 

a 

>0.004 

>0,007 

>0.013 

-0,016 

>0.026 

>0.013 

>0.004 

>0.004 

Q 

0 

-0.006 

Upper  Left  Ralls 

5. 

4 

>0.010 

0 

-0.005 

-0.012 

-O.02O 

-0,011 

-0.008 

0 

0 

>0.012 

>0.016 

Temperature  - 90*F.  2j06  pm,  Qver^ 
cast  with  Sunshade,  Reference 
Datum  3 

Upper  Right  Ralls 

7, 

2 

-D.OOG 

-0.005 

0 

+0.002 

>0.006 

>0.009 

0 

-0.005 

-D.007 

-0.013 

-0.012 

c. 

PrOflfiurized  vlth  Sunshade 
(IS  psig) 

Lover  Left  Ralls 

a. 

1 

>0.003 

-0.004 

-0.010 

-0.014 

-0.016 

-0.019 

-0,012 

-0.004 

-O.OD4 

0 

D 

Temperature  - 83*P,  Suo  Shiolng 

Lover  Right  Ralls 

G. 

3 

>0 .006 

>0.007 

>0,011 

>0.012 

>0.016 

>o.oos 

>0.002 

Q 

-0  .006 

0 

-D.0D4 

^Upper  Left  Ralls 

5, 

4 

-0.007 

-0.004 

-O.OOB 

-0.013 

-0.024 

-0.012 

-0.012 

-0.004 

0 

-0.004 

-0.016 

Temperaturo  - 98*F,  l?0D  pm,  vlth 

Upper  Right  Ralls 

7, 

2 

-0.010 

-0.012 

-0.004 

0 

0 

-0.004 

0 

-0.009 

-0.011 

-0.026 

-0.026 
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T able  A-4,  Continued 


CTs 

\o 


Coof Iguratlon 

Scope  Instruaeut  ReBcnng.  im 

Sta l Lon 

RemBrItS 

4.25 

32  12 

59  SB 

67  69 

115  71 

124  23 

149  11 

L73  96 

196  62 

223  67 

231  00 

d.  Top  Heated  (&T  s 30"F) 
Atmofipberlc  Pressure 

Lower  Left  Ralls  8,  1 

>0.003 

-0.005 

-0.007 

-0,009 

-O.OIl 

-0.010 

-O.OlO 

-o.on 

-0.006 

-0.003 

-0.004 

Tenperature  - 93^P,  11:39  am,  SuD 

Lower  Rl^hC  Rallfi  6,  3 

1-0.002 

+0.006 

+0.010 

+0.020 

+0.026 

+0.010 

+0.005 

0 

0 

-0.014 

-0.011 

Datum  4 

Upper  Left  Ralls  4 

+0.010 

-0.003 

-0,009 

-0.014 

-0.022 

-0.013 

-0.0D5 

0 

+0.006 

»0.014 

+0,020 

Tenperature  ■ 9.1*F.  11:56  an. 
Sua  Shinlag,  vlth  Suiibhade, 
Reference  Datum  4 

Upper  Rlffht  Ralls  7,  2 

-0.009 

-0.006 

0 

+0.003 

+0.006 

+0.007 

+0.003 

0 

0 

0 

0 

• . Top  Heated  (AT  a 30" F) 
vacuum  (29  la.  He) 

Lower  Left  Ralls  8,  1 

+0.01S 

40.008 

+0.010 

+0.01Z 

+0,013 

+0.012 

-I0.0L4 

+P.021 

+O.OZ9 

+0.031 

+0.033 

Tenperature  - 97*F,  2?20  pm.  Sun 
ShlDiD(i.  with  Susshade,  Reference 
Datum  4 

lower  Right  Ralls  6,  ^ 

-0.009 

-0.014 

-0.012 

-0.007 

0 

-0.017 

-0.030 

-0.041 

-0.049 

->0.053 

->0,0S3 

Upper  Left  Ralls  5,  4 

+0.024 

+0.019 

+0.017 

+0.013 

+0.009 

+0.017 

+0,029 

+0.049 

+>0.053 

I’-O-OS^ 

+>0.053 

Tenperature  - 95”(.  1;50  pm.  Sun 
Shining,  with  Sunshade,  Reference 
Datum  4 

Upper  Right  Ralls  7,  2 

-0.011 

-0.015 

-0.016 

-0,016 

-0.016 

-0.016 

-0.021 

-0.030 

-0.030 

-0.0J7 

-0.040 

f.  Top  Heated  <AT  a 30*F) 
Pressurized  (15  P5IG) 

Lover  Left  Ralls  A,  1 

+0.007 

+0.008 

+0.011 

+0.014 

+0.012 

+0.014 

+0.017 

+0.028 

+0.034 

+O.D4Z 

+0.043 

Temperature  - 98"F,  Sun  Rhlplng, 
with  Sunshade,  Reference  Datum  4 

Lwer  nlfirlU  Rails  6,  3 

-0.015 

-0.014 

-0.014 

-0.009 

-0.006 

.0.024 

-0.029 

-0,045 

-0,052 

->O.OB3 

->0.053 

Upper  Left  Rails  5»  4 

+0,021 

+0,013 

+0.009 

+0.004 

0 ' 

+0.008 

+0.020 

+0.029 

+0.050 

+>0.033 

+>0 ,053 

Temperature  - 94"F,  Sun  SMnlag, 
vlth  Suaahade,  Reference  Datum  4 

Upper  Right  Ralls  7,  2 

-0.014 

-0.017 

-0.018 

-O.025 

-0.019 

-0.020 

-0.026 

-0.034 

-0.047 

-0.052 

-0,051 

Uodifled  I-Bcqd  Rail  25.12 
Ib/ft  Supported  at  Cenlor 

a.  Atnospheric  Pressure  with 
Sunshade 

Lover  Left  Ralls  8,  1 

0 

0 

-0.004 

-0,007 

-0.011 

.0.009 

-0.005 

-0.004 

0 

0 

+0.004 

Temperature  - 62*F.  6; 23  am,  Sun 
Shining,  with  Sunsliade,  Reference 
Datum  5 

Lover  Right  Ralls  5,  3 

0 

+0.005 

+0.006 

+0.014 

+0.014 

+0.004 

+0.004 

0 

0 

0 

0 

Upper  Left  Ralls  5»  4 

+0.OD4 

0 

-0.006 

.0,012 

-O.OIH 

-0.008 

-0.006 

0 

0 

-0.004 

-0.010 

Upper  Right  Ralls  7,  2 

-O.OOH 

-O.ODB 

0 

0 

+0.004 

+0.00U 

0 

-0  .007 

-0.014 

-0.019 

-O.OIS 
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Table  A-4.  Continued 


1 tea 
Ko  . 

CDotliariilon 

Scope  Irii  Irufflrnt  Readlni;  in 

1 Station 

ReBBrks 

4 25 

32  12 

59  96 

0?  05 

115  71 

124  .25 

Hs.n 

173  96 

190  02 

223  67 

231  00 

C 

b.  VAcuuB  vitJ)  Sunshade 
(28  in.  Ng) 

Lever  Left  Rails  8,  1 

40,005 

u 

-0.007 

-0,007 

-0,007 

-0.013 

-0.007 

-0.003 

-0.004 

0 

0 

Tenperature  - 93*F,  1:15  an,  Sun 

Lo«er  nUlU  Ralla  6,  3 

40,003 

♦0.006 

♦0.012 

♦0.016 

♦0.022 

40.006 

♦0.004 

0 

0 

-0.007 

-0.009 

Shioiog  vllh  Sunshade,  Reference 
Da tun  5 

Upper  Left  Aslla  5,  4 

-0.006 

♦0.002 

♦0.005 

4-O.OU 

♦0.013 

♦o.ooe 

♦0.003 

-0.002 

-0.011 

-0.024 

-0.024 

Teaperature  - 96*F,  12  MS  aa.  Sun 

Upper  HlgM  Halls  7,  2 

♦0.011 

♦0.005 

0 

0 

-0.005 

-0 . 007 

-0.004 

0 

♦0.011 

♦0.009 

♦0.010 

Shining  vlth  Sunnhadn,  Reference 
Datum  5 

c.  Pressurlxed  with  Sunshade 
(IS  pslg) 

Lover  Left  RaiiB  8.  1 

0 

0 

-0.003 

-0,007 

-0.010 

-o.on 

-0.007 

0 

0 

♦D.OOB 

+0,009 

Temperature  - 90*F,  10;05  am,  Sun 

Lover  Right  Rails  8.  3 

♦0.003 

♦0.008 

+0.010 

♦0.016 

♦0.022 

♦0.009 

♦O.OOS 

0 

0 

0 

0 

Dalun  5 

Upper  Left  Rails  5,  4 

40.004 

♦0.007 

-0.010 

-0.015 

♦0.022 

♦0.014 

♦0.011 

0 

-0.015 

-0.020 

-0,034 

Temperature  - 91 *F,  11:48  am,  Sun 
Shining  vlth  Sunshade  Reference 
Datum  5 

Upper  RiRht  Ralls  7,  2 

-0.010 

-0.010 

♦0.Q06 

♦ 0.003 

0 

-0.004 

0 

+0.009 

♦0.010 

♦0.017 

+0.019 

d.  T^p  Heated  <AT  a 30”F) 
AtBOspberle  Pressure 

Lover  Left  Balls  0.  I 

♦0.002 

0 

0 

-0.004 

-0.004 

-o.on 

-0.004 

0 

0 

0 

0 

Temperature  * 80*F,  Sun  Shining, 
with  Sunshade,  Reference  Datum  6 

Lover  Right  Ralls  €,  3 

♦0.002 

+0.011 

♦ 0 ,01B 

♦0.022 

♦0.036 

+0.021 

+0.009 

♦O.OOS 

0 

-0.006 

-0.004 

Upper  Left  Ralls  S.  4 

♦0.000 

+0.005 

♦0.Q12 

♦0.018 

+0.027 

+0.016 

+0.008 

0 

0 

-0.010 

-O.OIB 

Temperature  - 68*r,  10:01  am,  Sun 
Shining  vlth  Sunshade,  Reference 
Datum  6 

Upper  Right  Ralls  7,  2 

-0.011 

<0.009 

♦0.012 

♦0.005 

0 

-0.005 

0 

0 

♦O.OIS 

+0.008 

♦0.010 

e.  Top  Heated  <&T  » 30*F) 
Vactiua  <27  in,  Hg) 

Lover  Left  Ralls  6,  1 

4 0 . 002 

0 

-0.003 

-0  .003 

-0.006 

-0.011 

-0.006 

-O.OOS 

-0.004 

0 

-0.007 

Temperature  ■»  98*F.  1:51  pe»,  Sun 
Shining,  vlth  SuDshnde.  Reference 
Datum  S 

Lover  Right  Rails  6,  3 

♦0.003 

♦0.007 

♦0.013 

♦ 0 .019 

♦0.031 

♦0.013 

♦0.004 

0 

-0.002 

-6.016 

-0.626 

Upper  Left  Ralls  5,  4 

-0.010 

0 

*0.006 

♦0.013 

♦ 0 .017 

♦0.011 

0 

-0.008 

-0.017 

-0.032 

-0.038 

Temperature  • 94*F.  2:15  pm,  Sun 
Shining,  vlth  Sunshade,  Rererence 
Datum  5 

Uppor  Right  Rails  7,  2 

♦0.007 

♦0.006 

0 

-0.002 

-0.004 

-0.003 

-0.002 

0 

0 

0 

0 
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Table  A-4.  Continued 


■ 

' 

Scope  Insiruaenl 

fteadliig. 

t n 

Conflfu ration 

Sitiion 

RenariLR 

H 

4.2S 

67  86 

149.11 

173  96 

198  82 

223  67 

231  00 

1 

1 

f , 

Top  Heated  (&T  » 30*P' 
Pro44uro  (IS  PbIr) 

H 

Lower  Left  Rftll^ 

Ap 

1 

0 

Bwm 

SECS 

0 

-0.006 

-0.006 

0 

-0.004 

0 

Temperature  - 9R'’F,  3sl2  pm,  Sun 

Lower  Rlffht  Ralls 

6, 

3 

0 

>0,002 

>0,011 

>0.014 

>0.022 

+0.009 

-O.Oll 

-0.029 

-0.08R 

Datum  5 

Upper  Left  Ralls 

A 

0 

BitTn 

>0.080 

>0.080 

+0.005 

am 

0 

Q2EI 

-0.026 

Temperature  - 102”F,  2:41  pa,  Sun 
ShlDlng,  with  Suoabftd<; , Relorence 
DatUfli  5 

Upper  Rlffht  Ralls 

7, 

2 

«O.OQR 

>0.007 

0 

0 

0 

-0.011 

o 

0 

asM 

>0.011 

E 

Hodifled  I-Bcam  Rail 
2S.12  Ib/lt 

■ 

■ 

a , 

iDsulated,  Vacuun 
(2A  In.  Tift) 

am 

■ 

B 

Lover  Leii  Kall<t 

R, 

1 

BW-na 

-0,009 

-0.009 

0 

0 

0 

l^apemture  ~ 83*i',  9:40  am,  Shell 

Lover  Right  Ralls 

3 

^0.004 

>0.003 

0 

-0.0Q3 

-0.009 

-U.DD4 

and  Bottim  — 83*.  Kefereuce  EhtlUn  7 

Upper  Lpft  Ralls 

a. 

4 

WHBl 

0 

-0.017 

-O.OIS 

femperalure  - ftn“F,  9;J1  an,  Shell 

Upper  Right  Ralls 

7, 

2 

<•0.009 

>0.004 

0 

-0.004 

-O.Oll 

-0,010 

0 

>O.O06 

40.0LD 

+0.010 

And  BOttOfti  - HO^ , Reference  Datum  7 

b. 

In^ulatedj  Pressurized 
(15  pile) 

■ 



B 

Lower  Left  Ralls 

Ri 

i 

0 

-0.005 

SWiTITI 

-O.OLS 

-0  .013 

BBiul 

Temperature  - 84^F , 10:12  nm,  Shell 

Lover  Ki^hi  Ralln 

A, 

3 

0 

>0.003 

>0.006 

<0.012 

>0.022 

>0  .009 

>D.O06 

mu 

B 

and  Bottom  - dS**.  Reference  Dniuin  7 

Upper  Left 

m 

a 

0 

<0.006 

>0.01S 

>n .009 

+0.002 

0 

-0.007 

Temperature  ~ 88’F.  Shell  Temper- 
ature Top  - H9'=’F,  Side  - ST^P,  and 
Bottom  - So'’?,  RpferencB  Datum  7 

Upper  Right  Ralls 

7, 

i 

>O.ODJ 

g| 

-0.O06 

-0.007 

+0.004 

>0.012 

>D,UI9 

>0  .020 

c* 

Insulated,  Varuun,  Support 
at  Center  (27  In.  He) 

B 

mu 

A, 

1 

-0.005 

-0.009 

-0.006 

0 

B2Ub 

Temperature  ■ SO^F . 1:16  pm.  Shell 
Temperature  Tup  — 92“ , Side  — 90“ , 
and  Bottom  — 88“ , Keference  Datum  7 

Lower  Right  Rallb 

6. 

3 

0 

^^SS3 

am 

>0.014 

>0.018 

0 

0 

-n.oo» 

Upper  Left  Ralls 

5, 

4 

>o.oou 

>0.017 

0 

-o.mn 

-D.O]  K 

-0  .024 

Temperature  - 86“F.  12:52  pn.  Shell 
TfmyeriturP  Top  - 92” , Side  - 69” . 
and  Bottom  — 88".  Reference  Datum  7 

■ 

Upper  Right  ttail^ 

7, 

2 

-0.003 

-0.004 

-0 .009 

0 

+0 . 004 

+0.010 

+0.018 

>0.019 
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Table  A-4.  Continued 


Item 

Vo. 

Scope  Inelrunenl  Reading,  In 

Resarks 

Gofif  ifunktlon 

Sto lion 

4,25 

32  12 

&9.9e 

67.65 

115  71 

134.25 

149,11 

173  .96 

108.83 

323 .67  331  00 

P 

ti.  Insulated , Prossurlzad, 

Low»r  Left  Rolls  a,  1 ; 

fO  .008 

0 

0 

-0.004 

-0,005 

-0.008 

0 

0 

+0.009 

+0.015 

+0.0)6 

Tenpwrature  ■ 88® P,  lj43  pe.  Shell 
Tespcrature,  Tod  - 9.3* , Side  - 91*, 
acd  Botton  - 90 

Lower  Right  Bsllfi  6,  3 

-0  ,Q(>2 

0 

*0.005 

+0.013 

+0,020 

+0.008 

+0.004 

0 

0 

0 

0 

Upper  Left  Rolls  9^  4 

-0,013 

-0.004 

0 

+0.008 

+0.016 

*0.005 

0 

0 

-0.006 

-0.016 

-0.021 

Tenperature  “ 86®F.  2:12  pm.  Shell 
Teaperaturo,  Top  - 93*,  Side  •-  91", 
and  Botten  - 90* 

Upper  Bight  Rolls  7^  2 

+0.014 

+D.D10 

+0.004 

O 

0 

-0.008 

0 

+0.011 

+0.022 

+0.027 

+0.028 

o.  Atiikospherlc  Pressure  Pith 

Lower  Right  Ralls  9,  3 

Q 

+0.DD9 

+0.QJ7 

+O.02T 

+0.031 

+0.020 

+0.011 

+0.008 

0 

0 

0 

Teaperature  - 72*P,  8:43  an 

Lower  Left  Khils  3,  L 

0 

-0.005 

-0.010 

-0.013 

-0.017 

-0,011 

-0.014 

-0.004 

0 

0 

0 

Upper  Right  Rails  7,  2 

+0.0)3 

+0.009 

0 

0 

-0.003 

0 

0 

0 

+0.006 

+0.017 

+0.006 

Da tun  21 

+0.002 

+0.012 

+0,019 

+0,025 

+0.036 

+0.034 

+0.013 

+0.007 

0 

-o.ddO 

-0.014 

b V ToeuuB  with  Sunshade 
(26  Id.  Hg) 

Lower  Right  Roils  9,  3 

+Q.0D7 

+0.021 

+0.03) 

+0,036 

+0.043 

+0.036 

+0,030 

+0,025 

+0.019 

+0.017 

+0.015 

Lower  Left  Ralls  8p  I 

+0,006 

+0,004 

+0.003 

-0,003 

-0,007 

-0.003 

0 

+O.009 

♦0.016 

+0,024 

+0.026 

Tesporsture  “ 67*F,  1:41  pn 

Upper  Right  Rails  7,  2 

+0.019 

+O.012 

+0.010 

O 

-0.004 

-0.005 

0 

+0.009 

+0.017 

+0.034 

+0.026 

ibatuB  23 

Upper  Left  Rolls  10,  4 

-0.005 

+0.009 

+0,016 

+0.026 

+0.040 

f0.029 

+0.019 

.0.009 

+O.D03 

0 

0 

c,  PresBurir.od  with  Sunshade 

Lower  Right  Rails  9,  3 

+ 0.009 

+0.023 

+0,030 

+0.042 

+0.050 

+0.047 

+0.040 

*0.027 

+0.023 

+0.019 

+0,019 

Lower  Loft  Rails  8,  1 

+0.007 

+0.004 

0 

-0,004 

-0.005 

0 

0 

+0,011 

+0.016 

+0.021 

+D.D2T 

Tenperature  » 87"r,  1:41  pa 

Upper  Right  Roils  7,  2 

+0.018 

+0,0)7 

+0.013 

+0,009 

Q 

+0.003 

+0.013 

+0,012 

+0.024 

+0.031 

+0.029 

Datua  23 

Upper  Left  Rails  10.  4 

0 

40.010 

+0.017 

+0.030 

+0.032 

+0.016 

+0.017 

+0.009 

0 

0 
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Table  A-4.  Continued 


I Ilea  I 
Hd 


Conf  Iffu  rli  (iOA 


Top  Heated  CAT  * 30«F) 
A tmospbcrlc  Pressure 


I, over  Right  Rftila  9,  3 
l.eft  Rallfl 


Upper  Right  Hails  7,  2 


Upper  Left  Rails  10,  4 


Top  Heated  CAT  30"F) 
VacuuiP  CRR  Id  - Hgl 


Scope  In^lrutBent  Reading  Ld 


4 25  32  12  59  98 1 87  85  115.71  124  25  149. ll  173.96  199  82  223  67  231  00 


^O.005 


+0.011 


Lower  Right  Ralle  9,  3 


Lower  Left  Rallu  8,  1 


U> 


Upper  Right  HallH  7,  2 


Upper  Left  Rails  10.  4 


Top  Heated  (AT  - 30*F> 
Pree&ure  (15  psig) 


+0.012 


+0  .011 


+0.016 


+O.D10 


Lower  Right  Rails  9,  3|+0.012 


Lower  Left  Ralls  6,  1 |[  +O.0L3 


Upper  Right  Ralls  7,  2 
Upper  Left  Rails  lO,  4 


Special  I— Shape  48.7  Ih/ft 
Rails  9 & 10  Oaly  Supported 
at  center  _ 


Atmospheric  Pressure  with 
Sunshade  


Lower  Right  Rails  9,  3 
Lower  Left  Ralls  8,  1 


Upper  Right  Ralls  7,  2 


Upper  Left  Ralle  10,  4 


+0.02D 


+ 0.011 


+0.005 


+0.008 


+0.022 


+0.006 


+0,017 


+0.025 


-0.003 


+0.014 


+O.OOS 


+0.016 


.^0.019 


h0.02l 


+0  .009 


+0.014 


+0.014 
+0  .013 


>0.005 


+0.015 


+0.029 


+0.036 


+O.D35; 


+0.0111 


+0.029 


+0.034 


+0 .012 


+0.031 


+0.042 

0 


+0.013 


+0,042 


+ 0.04^ 
+0.017 


+ 0 .0371 


+0.Qlli 


1-0.012 

"o 


+0.043 


+O.043 


+0.052 


+0.050 


+0.015 


+0.0^ 

+ '*0.053 


+0.046 


0 

To  .0071 


+0.044  +0.05Q 


1+0.025 


40.011 


^0.040 


+0.047 
4 0.014 
+0.Q17 


+0.052 


+0.03D 

0 


+0.034 


+0.020 

lo.oia 


+0,021 


+o.o'^e 

0 


+0.024 


+0.033 


40.041 

+0.021 

TcTb^o' 


1 0,0.01 


+0.027 


+0.012 

+0.014 

To. 028 


+0.014 


-0.003 


+0.011 

+0.011 


+0,028 


+0,012 

"4  0.027 

Tb.oIF 


+O.044 


+0.023 

+O.029 

+0.044 


+0.026 
►0.019 
To. 025 


+0.023 


+0.003 

■+b.oir 


0 

1+0. oil 


+0.019 


+0.004 


+0.011 


Target  Hung  Up 


+0.035 

+0.035 

+0.032 


+0.033 


+0.018 

+0.029 


+0.016 


+0.034 

+0.044"^ 

7FTo37 


+0  .022 


+0.016 
+0.033 
+0 .037 
"ilo.014 


+0.031 
+0  .044 


+0.048 


+0.039 

"^^042 

+0.009 


Temperature  • 83"F,  10;00 
Overcast,  with  Su&shade 
RcfereacO  Datum  21 


Temperature  ■ 88®F,  1:07  pm. 
Slight  Overcast,  with  Sunshade 
Reference  Datum  2l 


Temperature  - 104*F.  1:35  pm 
Slight  Overcast  with  Sunshade 
Rafcreace  Datum  22 


Temperature  - 94^F,  9?54  am 
Sup  ShlolDg,  with  Sunshade 
Reference  Oatum  22 
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Table  A-4.  Continued 


^ 1 

Scape  Instrusent 

Reading. 

in 

Jtea 

■a 

Coat ifu rail  OD 

Station 

Besarha 

4 23 

32  12 

59.98 

87.85 

115  71 

124  25 

149  ll 

1 73 . 96 

196  83 

223 . 87 

23 1 . 00 

F 

b. 

Vacow  with  Sunshade 
|2B  in.  Hg) 

Lover  Right  Ralls  9, 

~ 

-0.009 

♦0.02B 

♦0.039 

♦0.046 

♦0.050 

♦0,038 

♦0.033 

♦0.029 

♦0.03S 

♦0,022 

♦0.017 

Lorcr  Left  Ralls  8. 

T 

4^0.007 

♦0.009 

♦0.004 

0 

-0.007 

-0.003 

♦0,00B 

♦0.013 

♦0.018 

♦0.02S 

♦0.024 

Tenperature  • 93  F,  12*26  pa 

Upper  Right  Ralls  7. 

2 

1-0,017 

♦0.012 

♦0.009 

0 

0 

0 

♦D.OlO 

♦0,015 

+0.023 

♦0,028 

♦0.038 

Refereoce  Datus  23 

Upper  Left  Ralls  10, 

4 

4-0  .006 

♦0,014 

♦0.023 

♦0.034 

♦0.053 

+0.036 

♦0,036 

♦O.027 

♦0.D14 

♦8.0J3 

♦0,007 

c« 

PresBurlsed  with  Sunshade 

Lover  Right  Ralls  9» 

T" 

4-0. DOT 

♦0.021 

♦0.036 

♦0.046 

♦0,049 

♦0.040 

♦0.038 

♦0.029 

♦0.036 

♦0.037 

♦0.028 

Tesperature  ■*  93*F,  13:36  pa 
Sufl  Shining,  with  Sunshade 
Reference  Datus  33 

Lover  Left  Ralls  8. 

T 

♦O.OOb 

♦0,007 

♦0.003 

0 

0 

0 

♦0,015 

♦0,017 

♦0.027 

+0.029 

♦O,030 

Upper  Right  Ralls  7, 

T 

4-0,020 

♦D.DIS 

♦D.009 

♦0.007 

♦0,009 

♦0.009 

♦0.009 

♦0.022 

♦0.027 

♦0.041 

♦0.045 

Upper  Left  Ralls  10, 

4 

♦0.007 

♦O.OIB 

♦0.031 

♦0,043 

♦>0.053 

♦0.039 

♦0,032 

♦o.ozz 

♦0 , 038 

♦O.P15 

♦0,017 

d. 

Top  Htated  (AT  = 30'P) 
AtBospherlc  Pressure 

— — 

Lover  Right  Ralls  9» 

3 

♦0.009 

♦0.025 

♦0.034 

♦0.047 

♦>0.053 

♦ 0 .046 

♦0.036 

♦0,034 

♦0.027 

♦0.027 

Tenperature  - L00*P.  12:03  pai 
Sun  Shloing,  vlth  Suoshade 
Reference  Datus  22 

. — 

Lever  Left  Rails  g, 

"T 

♦0.012 

♦0.01? 

♦0.014 

♦0.014 

♦0.009 

♦0.012 

♦0.022 

♦0.026 

+0.036 

♦0.046 

♦0.044 

Upper  Right  Rails  7, 

2 

♦0,021 

♦0.036 

♦0,024 

♦0.039 

♦0.035 

♦0,020 

♦O.OZO 

♦0.035 

♦0.041 

♦0,045 

♦0.048 

Upper  Left  Rails  10, 

4 

♦0.010 

+0.027 

♦0.039 

♦0.090 

♦>0.053 

♦0.090 

♦0.045 

♦0,036 

♦0.027 

40.033 

+0.017 

o . 

TOp  Heated  (AT  ^ 30*F) 
Vacuus  (20  In.  Hg) 

Lever  Right  Rails  9, 

3 

♦0.012 

♦0.026 

♦0.037 

+0.QS0 

♦0.051 

♦0,046 

♦O.D43 

+0.034 

♦0.034 

♦0,027 

♦0.025 

Teaperature  - 100" P.  12:35  p* 

Lover  Left  Ralls  S. 

1 

♦0.0L3 

♦O.OL4 

♦0,012 

♦0.012 

♦0.009 

♦0.009 

♦0.015 

♦0.026 

♦0.037 

♦0.032 

♦0.035 

— 

Upper  Right  Ralls  7. 

T 

♦0,017 

♦0.034 

♦0.034 

♦0.023 

♦0.023 

*0.016 

,0.024 

♦0.032 

+0.040 

♦0,045 

♦0.046 

Referescs  Datum  22 

Upper  Left  Rails  10. 

4 

♦ 0,009 

♦0.030 

♦0.034 

♦0,032 

♦>0.053 

♦0.048 

♦0.044 

♦0.035 

♦0.027 

♦0,016 

♦0.024 
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Table  A-4.  Continued 


Scope  Instrument  Reading,  in 

Renarhe 

Configuration 

Station 

4 25 

32  12 

59  98 

87  85 

115.71 

124,25 

149  11 

173  96 

198  .82 

223  67 

231  00 

f . Top  Hemed  (at  - 30*P) 
Pressurized  (15  pslg) 

■ 

■ 

Lower  Right  Rftilfl  S,  3 

m.a.uj 

4>D.DS3 

4D.D49 

40.046 

+0,034 

Temperature  “ 10O*F,  12;05  pn 
Sun  Shining,  with  Sunobade 
Reference  Datum  22 

Lover  Left  Rails  6,  1 

ESSE 

SEE 

n-WiH'-i 

mU'Hi 

Bjg211 

QjgQI 

Upper  Right  Ralln  7,  2 

4-0  .012 

Q22B 

■1A2U 

Q2!£&I 

Qj2j£U 

Qjgjm 

Upper  Left  Rails  10,  4 

4-0.009 

40.022 

40.034 

40.048 

.^0,053 

KBiiii 

40.046 

40,034 

40.032 

+0,020 

+0.023 

Efforts  of  Penetrations 

a.  Atmospheric  Pressure 

WSM 

Lower  Right  RallP  9.  3 

giKilH 

IfiWiHI 

H-Wign 

■CTBT!F 

H»ni 

HiHiiru 

0 

Temperature  * 74*F,  9:1S  am 
Overcast,  with  Sunshade, 
Reference  Datum  24 

Lover  Left  Ralls  S,  1 

.0  008 

-0.029 

-0.022 

-0.015 

-0,010 

0 

Upper  Right  Rails  7,  2 

0 

HilFTO!] 

-0  .009 

ggijg 

0 

0 

c 

Upper  Left  Ralls  6.  4 

EH 

40.014 

grw?n?l 

40.049 

40.008 

10.071 

40.022 

+0.017 

0 

0 

h.  Vacuum  (27  in.  Hr) 

IH 

Lover  Right  Rails  9,  3 

40,046 

40.034 

40,029 

iD.022 

+0.016 

+ 0.011 

+0.014 

Temperature  - 80^F,  2:06  pn 
with  Sunshade,  Reference  Datum  24 

02110 

-13.014 

-0.013 

ggOI 

Upper  Right  Rails  1,  2 

+0  004 

^Qj2lUa 

-0.004 

0 

+0.008 

QQjm 

Qjgm 

Upper  Left  Ralls  10,  4 

1-0.005 

RiKjUJ 

40.038 

4.0.046 

1 >0.053 

4O.04J 

40.036 

+0.024 

Qj2j||9 

c.  Pressure  (15  pelg) 

Lover  Right  Ralls  9,  3 

40.014 

QSQ] 

40.043 

40.019 

40,017 

Temperature  » 60"F,  12:20  pm 
with  Sunshade,  Reference  Datum  24 

Lover  i.eft  Ralls  6,  1 

-0.008 

-0.024 

02219 

-0.007 

0 

Upper  Right  Ralls  7.  2 

-0.019 

-0.017 

a 

10.019 

+0.023 

Upper  Left  Ralls  10,  4 

40,006 

40.021 

gm 

40.043 

10.039 

+0.020 

+0.018 

a.  48  7 ih/ft  Rail  Loading 
Atmospheric  Pressure 
6,400  lb 

■ 

■ 

■ 

1 , Lower  Right  Rail 

Loaded  (9)  (at  Station 
70) 

■ 

■ 

■ 

g 

Lower  Right  Ralls  9.  3 

-0  051 

BZZEI 

-D ,D26 

0 

0 

Reference  Datum  19 

l.owcr  Left  Ralls  R.  1 

inXjUj 

KSjljljJ 

Bmfi 

-0.009 

-0  oil 

-0.014 

-0.010 

-0.004 

0 

0 

Upper  Right  Rails  7,  2 

40.028 

40.027 

4 0 024 

40.012 

40,007 

4U.DU7 

EfiWilCT 

+0.017 

0 

+ 0.018 

+0.017 

Upper  Left  Ralls  10.  4 

-0.048 

-0.029 

-0.009 

tO.007 

+0.007 

-0.008 

-0.007 
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Table  A-4.  Continued 
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Table  A-4.  Continued 


I tea 
Mo 

Scope  Inetrument  Reading,  in 

Remark^ 

Canft juration 

Sta  t Ion 

4 25 

32  12 

30  96 

67  85 

115  71 

124  25 

149  11 

, 173  96 

198  82 

223  67 

231  00 

H 

6.  Upper  Left  Rail 
Loaded  (10)  (at 
Station  90) 

■ 

■ 

■ 

■ 

■ 

1 

■ 

■ 

Lower  Right  Rall5i  9,  3 

-0.037 

-0.016 

0 

OiBSUlil 

■*■0.004 

•(■0.003 

■*■0.006 

4-0.006 

+0.006 

Reference  Datum  16 

Lower  Left  Ralls  H,  1 

■(.0.026 

niE?a 

" 

BWiTiM 

gwiira 

BiriCT 

0 

0 

Q*2!2l!l 

Q;2!2Is1 

Upper  Right  RaiLb  7,  2 

■(•0.035 

-f  0.027 

*0  .021 

EEBUI 

Upper  Left  Rallq  10,  4 

-0.036 

-0,003 

•f0.0L3 

+0.016 

+0,012 

h,  2S.12  lb/£t  R»U  Loading 
A*'moapherLc  Preqaure 
s.^Cj  lb 

■ 

B 

■ 

■ 

1 Lower  Right  nail 

Loaded  (8)  (at  Station 
30) 

■ 

■ 

1 

n 

Lover  Right  Ralls  8,  3 

ma 

-*-0.022 

w 

Reference  Daltim  9 

Lover  Left  Rails  R,  1 

giK>V(fi 

BICCTI 

-0.047 

-0.045 

-0.045 

-0.044 

-0.036 

-0.033 

JjJlJJ] 

22^ 

-0.029 

-0.023 

-0.020 

-0.016 

Upper  Left  Ralls  5,  4 

BKjiB 

•hO.004 

Jiutu 

+ 0 .026 

■(•0,016 

•*•0,011 

-0.013 

-0.010 

2.  Upper  Left  Rail 

Loaded  (5)  (at  Station 
30) 

■ 

1 

Lower  Right  Ralls  6,  3 

0 

H-a«n1 

t0.038 

■cQ.020 

•fO  .020 

-*■0.019 

+0.017 

-0.014 

-0,017 

Reference  Datum  10 

Lower  Left  Rally  8,  1 

iQjgjm 

gjgim 

SBQ] 

-0  .044 

-0.046 

-0.045 

-0.040 

-0.035 

Upper  Right  Halls  ?,  2 

igigj2j]jg 

gjomj 

-0.012 

9jV|Q 

-0.022 

-O.OIS 

-O.DIS 

^'oo” 

Upper  Left  Ralls  S,  4 

-0.006 

•1-0. 05J 

-1-0.050 

-*-0.032 

(0.003 

-0.005 

3.  Lower  Right  Rail 

Loaded  (6)  (at  Station 
60) 

■ 

STA 

62.5 

■ 

Lower  Right  Ralls  6,  3 

-0.008 

•*0.015 

0 

-0.029 

Reference  Datum  11 

Lover  Left  Ralls  S,  1 

-0.016 

-0.021 

-0,043 

-Q.04R 

-0,048 

-0.048 

-0,040 

-0,036 

-0.033 

-0.030 

Upper  Right  Rallfa  7,  2 

BiBlE&l 

SB39 

3S3R 

g2ial 

22im 

Upper  Left  Ralle  6.  4 

-0.019 

jggg 

•*■0.002 

40.008 

0 

1 

ggg 

-"■“L 
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Table  A-4.  Concluded 


No 

Scope  Instrunenl  Reading,  in 

Conf  Igureilon 

Station 

RcaarliB 

4.2S 

33  12 

59  99 

81  85 

115  71 

124  25 

149  11 

173  96 

18S  B2 

223  67 

231  00 

H 

4.  Upper  Left  Rlill 

Loaded  (&)  <at  Station 
60) 

STA 

62.5 

Lover  Rlttu  RsllB  6,  3 

-0.004 

-0.006 

40.004 

40.006 

40,014 

40.003 

0 

-0.0L2 

-0,020 

-0  023 

.0,023 

Lower  Left  Rails  8,  1 

-0.014 

-0  .024 

-0.035 

-0.045 

-0,045 

-0.050 

-0.052 

-0.050 

-0.051 

-0.044 

-0.042 

Upper  Right  Ralls  7.  2 

-0.012 

-0.019 

-0.021 

-0.029 

-o.o3a 

-0.047 

-0.043 

-0.035 

-0,027 

-0  022 

.0,012 

Upper  Left  Ralls  6,  4 

^O.Gll 

40.033 

40.032 

40.039 

40.006 

-0.001 

-0.007 

.0.022 

-0.030 

-0.036 

-0.042 

5,  Lover  RlRht  Rail 

Loaded  (6)  (at  Station 
90) 

3TA 

82.5 

Lower  RlRht  Rall9  6.  3 

-0.040 

.>o.osa 

->0.0K 

-0.032 

-0.004 

-0.016 

-0.031 

-0.024 

-0.035 

-0  .035 

.0,041 

Lower  Left  Ralla  B,  1 

40.030 

40.025 

40.026 

40.006 

0 

40.002 

40.006 

40.008 

40.014 

40.019 

40.019 

- - 

Upper  RlRht  Halle  7,  2 

40.051 

40.046 

40.046 

40.013 

40.012 

0 

40.012 

40.020 

40.025 

40.024 

40.026 

Upper  Left  Halle  4 

-0  .045 

-0.041 

-0.033 

-0.014 

-o.ooa 

-0.016 

-0.024 

-0.025 

-0.041 

-0.043 

-0.050 

6.  Upper  Left  Rail 

Loaded  < 5)  (at  Station 
80) 

- 

Lover  Rlg^t  Ralls  6,  3 

-0.039 

-0.033 

-0.02L 

-0.007 

40.004 

-0.015 

-0.028 

-0.029 

-0.034 

-0.025 

-0.028 

Lover  Lett  Ralls  8.  1 

40.039 

40.027 

40,034 

40.002 

0 

0 

*0.005 

40.006 

*0.014 

40.024 

40,023 

Upper  Rlghl  Ralls  7,  2 

40.038 

40.037 

40.037 

40,007 

40.001 

40.007 

0 

40.008 

40.013 

40.024 

40.025 

Upper  Left  Salla  S,  4 

-0.047 

-0.005 

40.012 

40.027 

40.003 

40.014 

40,012 

-0.031 

-0.033 

-0.035 

-0.047 
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Table  A-5.  Reference  Data  for  Measurements 


ttCtt 

Mo 

Conf IgurUtloD 

Scope  Inetrtinent 

Reading , 

In 

Station 

Remark^ 

4 25 

32  12 

59  96 

67  65 

ILS  71 

124  25 

149  n 

173  96 

196.02 

223  67 

231  00 

Lover  flight  RaLIs 

3 

0 

0 

0 

40.004 

fO.OlO 

Lover  Left  Relle 

1 

0 

gl«34il»i0 

40.015 

Tenperature  ■ 93*F,  8:30  an 

Upper  Right  Rftlle 

7, 

2 

40.006 

Qg^ 

40.034 

Sun  Shinitug.  Mo  Sunshade 

Upper  Left  RAllS 

&, 

QjgJlJJ 

0 

fO.002 

D 

Lover  Right  Relle 

3 

40.009 

40.009 

BITTB 

40.015 

40.022 

Lover  Left  Hells 

8, 

1 

-0.003 

0 

DQEffl 

+0.011 

Temperature  =»  78'F,  7;37  an 

■ 

Upper  Right  Rslla 

7, 

3 

0 

QjgjJlJJ 

QQ] 

40.020 

■ 

Upper  Left  RSllS 

5. 

4 

0 

40  .003 

40.004 

+0.009 

40.012 

Lover  Left  Hails 

S, 

1 

0 

-0.020 

-0.007 

BiB^ 

0 

0 

0 

0 

Lover  Right  Ralls 

B, 

3 

0 

BKIitJ 

-0.011 

-0.010 

0 

0 



0 

Tenperature  - 92 ”F,  10:]D  am 

Upper  Left  Relln 

&, 

4 

-0.012 

BiR{>y 

BjXjUjJ 

0 

QOJiU 

Sue  Shiaiog,  with  Suoabade 

Upper  Right  Ralls 

7^ 

2 

-0.008 

0 

0 

-0.012 

n 

a 

EHII 

ssss 

-0.020 

-0.020 

BX3a 

Bsa 

-o.oos 

^9 

■ 

a 

0 

QjgJJJJ 

40.016 

+0.004 

0 

0 

0 

Temperature  - 72*R , 7:36  an 

Upper  Lef  t Ralls 

5, 

4 

40.009 

0 

g2iiU 

gjg>J;2J 

-0.011 

-0.005 

0 

0 

+0,011 

+0,009 

blight  Overcast,  vlth  Sunshade 

■ 

Upper  Right  Halle 

Ip 

2 

-0.004 

0 

+0.016 

+0,019 

+0.010 

40.004 

0 

0 

0 

Lover  Left  Hailu 

H, 

I^HI 

0 

WRW 

-0.005 

-0.004 

0 

0 

HURH-Bli 

Lover  Right  Rall«^ 

B, 

R^H 

0 

40.005 

40.006 

DDE! 

+0.014 

<0.004 

40.004 

0 

0 

0 

“ 

Temperature  » 62"F,  6?23  an 

Upper  Left  Rails 

5, 

KHI 

0 

mrrgi 

gStro 

beeu 

Bsm 

0 

0 

Bom 

SESl 

SUa  Shielng,  with  Sueshade 

Upper  Right  Ralls 

7, 

2 

-0.006 

-0.008 

D 

0 

+0.004 

40.008 

0 

-0.007 

-0.014 

+0.019 

+0.015 

Lover  Left  Ralls 

R, 

IQH 

.0^008 

-D.009 

-0.010 

-0.016 

-0,017 

-0.015 

-0,010 

-0,007 

0 

0 

Lover  Right  Ralls 

0 

B3ES] 

QXSII 

m^gi; 

+0.006 

0 

Temperature  "■  76*F,  8:08  am 

Upper  Left  Rails 

5. 

IHI 

|BKQ 

0 

Qj22£] 

0122391 

0 

0 

Sun  Shining,  vlth  Sunshade 

Upper  Right  Ralls 

7, 

2 

40.009 

40.007 

0 

0 

-0.009 

-0.007 

-0.005 

0 

+0.005 

+0.010 

+0.017 
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Table  A-5.  Continued 


I ten 
Ho 


Configuration 


Lover  Left  Rftll9 


Scope  Instruaeot  Reading.  In 


Lover  Right  mils  0,  3 


Upper  Left  Bails  5.  4 


Uppor  Right  lUlla  7,  2 


-C,015 


-0.006 


,+O.OOS 


>0.0L0 


-0.015 


40,011 


-0.020 


4-0.015 
4-0. 013 


-0.000 


-o.oaa 


-O.QIO 


-0,016 


-0.006 


193  32 


^0.008 


223  67 


+0.013 


231  00 


-0.016 
7b. 012 


Tempera  lure  - 77*F,  7:57  am 
&UD  Shining,  with  Sunshade 


00 


Lovor  Right  Rails  6,  3 


+0.003 


+0  .023 


Lover  Left  Ralln  6,  1 


•0.012 


-0.012 


-0.016 


-0,019 


.0.007 


Dpper  Right  Rails  7,  2 


40.012 


+0.002 


•0.003 


-O.OIS 


Uppor  Loft  Ralls  S,  4 


Lover  Right  Ralls  6.  3 


-0.006 


Lover 

Upper 


Left  Rails  8,  1 


Right  Rallfl  7,  2 


-0.002 


40 .024 


+0 . 003 


Temperature  ' 
Sun  Shining. 


94*F,  13:33  pa 
with  Sunshade 


+0.003 


+0.009 


+0.015 


-0.027 


-0.042 


-0.035 


-0.031 


-0.005 


•0.013 


'0 .013 


-0.035 


-0.029 


-0.023 


Rail  Jack  at  Station  30 


upper  Left  Ralls  5,  4 


-0.010 


-0.005 


+0.02? 


-0 . 009 


»er 

?or 

ter 

ter 


Right  Rails  6.  3 


+0.002 


+0.009 


+0 .018 


-0.020 


Loft  Rails 


6r  I 


-0.014 


.0.026 


-0.035 


-0.040 


-0  .045 


-0.043 


-0.037 


Right  Rails  7,  2 


Left  Rallu 


rer 

rer 

ler 

»er 


Right  Rails  6.  3 


Left  Rails  9.  1 


Right  Ralls  7,  2 


Left  Rails  5,  4 


Lover  Right  Ralls  6,  3 


Lover  Left  Raile 


6.  1 


>er  Right  Rolls  7,  2 
er  Left  Rails  5.  4 


-O.OIS 


-0.026 


-0,033 


-0.018 


+0.007 


^0,021 


40  .003 


Hall  Jack  at  StatiOD  30 


h0.004 


40.016 


-0.023 


-0  ,036 


-0  .047 


-0.030 


-0.013 


-0.035; 


-0.030 


.0,022 


-0.024 


-0.033 


-0,039 


62.5 


+0.006 


■O.OJ5 


-0.016 


-0.024 


-0.036 


.0.040 


-0.048 


-0.0541 


-O.D47 


-0.043 


-0.024 

-0.043 


-0.006 


-0.013 


-0.017 


-0.035 


-0.039 


-0.033 


-0.019 


-0.009 


.0.006 


-0.023 


-0.036 


•0.047 


Rail  Jack  at  Station  60 


Hall  Jack  at  Station  SO 


AEDC-TR-76-132 


Table  A-5.  Continued 


K ten 
Ko 

ConflKU ration 

Scopu  Instrument  Reading,  in 

Station 

Remarks 

4 ,2r» 

32  12 

59  99 

R7  95 

115  71 

124  25 

149  11 

173  96 

196 .62 

221  67 

211  00 

13 

STA 

92.5 

Lower  Left  Roils  6,  1 

+0.027 

+0.026 

*0.021 

+O.OU4 

0 

+0.005 

+0.004 

< 0 . 009 

<0.016 

+0.021 

+0.024 

Lower  Right  Hail^  3 

-0.0J7 

-0.026 

-0  027 

-0.008 

+0.002 

-0.017 

-0.010 

-0,022 

-0.026 

-0.039 

-0.0 J6 

Upper  Left  Ralls  fi,  4 

-0,048 

-0.034 

-0,030 

-0.012 

-0.005 

-0.014 

-0.020 

-0.030 

-0,032 

-0.035 

-0,049 

Upper  Right  Ralls  7,  2 

<0.041 

40.041 

+0.0.17 

+0.016 

+0 , 009 

0 

+0.011 

+0.019 

<0.0L9 

<0.024 

<0,014 

STA 

92.5 

14 

Lower  Left  Rails  8.  1 

10.020 

<0.026 

0 

+0.004 

-0.002 

0 

+ 0 .008 

+D.013 

+0 . 020 

<0.024 

(0.029 

Lower  Right  Ralls  a,  n 

-0.029 

-D.D3D 

+D.026 

-0.007 

1-0.003 

-0.017 

-0.029 

-0.012 

-0.027 

-0.027 

-0.029 

upper  Lett  Ralls  5»  4 

-0,047 

-0.016 

-0,021 

+0.005 

-0.003 

+0.010 

-0  .013 

-0.026 

-0.037 

-0.043 

-0.042 

Upper  Right  Kailb  7.  2 

+0.040 

+0.041 

+0.041 

-0.003 

+0.006 

0 

+0.004 

+0.021 

»0.0L6 

+0.019 

+0.024 

STA 

92.5 

Lower  Left  Ralls  8,  1 

t 0.027 

»0.019 

+0.016 

+0.004 

0 

+0.004 

+0.004 

+0.008 

+0.011 

<0,020 

<0,022 

Lower  Right  Rails  9,  3 

-0.026 

-0.01ft 

0 

+0.008 

+0,015 

+0.005 

+0.007 

<0.004 

i0.005 

♦0.009 

+n.0]j 

Upper  Left  Ralls  10,  4 

-0.036 

-0.022 

-0.004 

+0.009 

+0,020 

+0.008 

+o.on 

+0.009 

+0.004 

0 

0 

RmII  fit  3 1 b 1 1 Ou  90 

Upper  Right  Rails  7,  2 

+0.029 

+0.040 

+0.021 

+0.019 

+0,013 

+ 0 .013 

+0.019 

<0.022 

+0.032 

♦0.011 

+0.011 

■ 

STA 
92. S 

16 

Lower  Left  Railb  8,  1 

t0.026 

+0.020 

+0.019 

0 

-0  .004 

-0.003 

-0.004 

0 

+0.006 

<0.010 

+0.012 

Lower  Right  Rall.s  9,  3 

-0.0J6 

-0,017 

0 

+0.007 

+ 0 .010 

+0.005 

+0.004 

0 

+0.004 

0 

0 

Upper  Left  Halls  10,  4 

-0.039 

-0.022 

-0.006 

+0.014 

+0.023 

+0.012 

+0.017 

+0.01 1 

+0.010 

+0,005 

+0  006 

Upper  Right  Rallfl  7,  2 

+0,03» 

+0.03S 

+0.030 

+0.024 

+ 0 .022 

+0,019 

+0.027 

<0.031 

+0.014 

+0.040 

+0.046 

42^4 

17 

Lower  Left  Ralls  H,  1 

<0.02& 

<0.020 

0 

-0.003 

-0.008 

-0.003 

-0.004 

0 

+0.002 

+0.009 

+0.013 

Lower  Right  Hails  9,  T 

-0.040 

-0 . 024 

-0.005 

+0.004 

+0.010 

+0.006 

+0,006 

+0,006 

+0.007 

<0.006 

<0.005 

Rail  Jack  at  Station  60 

Upper  Left  Ralls  10,  4 

-0.042 

-0.023 

-0.004 

+0.010 

+0.024 

+0.009 

+0.014 

<0.011 

+0.006 

0 

0 

Upper  Right  Ralls  7,  2 

40.036 

10.033 

+0.024 

+0.016 

<0.011 

+0.007 

+0.012 

+0.014 

+0.016 

+0,016 

+0.020 
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Table  A-5.  Concluded 


Scope  InslriMeot  Readlog, 

IP. 

Nd. 

ConrigurAlioo 

SiailoB 

Remarks 

4. 25 

32  12 

99.98 

97  85 

115,71 

134  33 

149.11 

173.98 

198,82 

223,57 

231  DO 

IB 

LO¥Sr  LAft  JUilA 

*, 

1 

+0.022 

+O.01R 

+0.009 

+0.01L 

+0.007 

+0.006 

•0.003 

-0.004 

0 

0 

0 

Lover  Right  Ralls 

9. 

3 

•0.041 

-0.020 

-0.003 

+0.011 

+0.020 

*0.012 

+0.004 

+0.002 

+0.003 

+0.003 

0 

Station  60 

Upper  Left  Rails 

*0, 

4 

-0,046 

-0.030 

-0.007 

+0,009 

+0,030 

+0.013 

+0,012 

+0,021 

*0.004 

0 

0 

Rail  Jack  at 

Upper  Right  Rails 

7, 

2 

+0.035 

+0.030 

+0.020 

+0.016 

+0.011 

+0.006 

+O,0Ll 

+0.013 

*0.025 

+0.022 

+0.023 

19 

Loser  Left  Rails 

8. 

1 

+0,047 

4D.DD4 

-0.005 

-0.004 

-0.015 

-0.012 

-O.OlO 

-0.006 

-0.006 

0 

0 

Loser  Right  Rails 

», 

3 

-0.012 

-0,031 

-0,019 

-0.010 

0 

0 

-0.010 

-0  .013 

-0.014 

0 

0 

Station  30 

Upper  Left  Ralls 

10, 

4 

•0.045 

•0.024 

.0.006 

+0.007 

+0.022 

+0.009 

+0.006 

.0.DD7 

0 

-0.002 

-0.010 

Rail  Jack  at 

Upper  Right  Ralls 

7, 

2 

+0.028 

+0.027 

t0.022 

+0.016 

+0.008 

+0.006 

+0.010 

+0.016 

*0.017 

*0.020 

*0.022 

30 

Lover  Left  Ralls 

S, 

1 

+0  .015 

+0.006 

-0.004 

-0.009 

-0.013 

-0,012 

-0.011 

-O.OOB 

-0.013 

0 

0 

Lover  Right  Ralls 

9, 

3 

-0.048 

-0.029 

-0.016 

0 

+0.003 

0 

0 

O 

D 

D 

0 

Station  30 

Upper  Left  Ralls 

10, 

4 

-0.049 

-D.D23 

-0.004 

+0,010 

*0.026 

+0.012 

*0.013 

+O.OOB 

*0.004 

0 

0 

Rail  Jack  at 

Upper  Right  Ralls 

7. 

3 

+0.028 

+0  .026 

+0.021 

+0.013 

*0.008 

0 

+0.011 

+0.019 

+0.017 

+0.020 

+0.026 

21 

Lover  Left  Ralls 

R. 

1 

0 

-0.005 

-0.010 

-0.015 

-0.017 

-0.011 

-0,014 

-0.004 

0 

0 

0 

L«vter  Right  Ralls 

9. 

3 

0 

+0.009 

+0.017 

+0.027 

+0.031 

+0.020 

♦0.011 

+0.008 

0 

0 

0 

TSBperature 

- 72*P,  B:43  an 

jpper  Left  Kalla 

10, 

4 

+0.003 

*0.012 

+0.019 

«0.025 

+0.036 

+0.034 

+0.013 

+0.007 

0 

-0.009 

— 

Overcast,  vltb  Sunshade 

Upper  Right  Ralls 

7, 

2 

+0.013 

+0.009 

0 

0 

-0.008 

0 

0 

0 

+0.006 

+0.017 

— 

22 

Lover  Left  Rails 

8. 

1 

0 

-0.0O9 

-0.010 

-D.015 

-0.016 

-O.QII 

-0.012 

0 

0 

0 

0 

Lover  Right  Ralls 

9. 

3 

0 

+0.005 

f0.020 

+0.026 

*0.033 

+0.018 

+0.012 

*0.008 

0 

0 

D 

Tenperature 

70*p,  an 

Upper  Left  Rails 

10. 

4 

0 

+0.013 

+0.023 

+0.031 

+0.039 

+0.026 

+0.027 

*0.019 

+0.021 

*0.009 

*0.010 

Bud  Shining, 

Vltb  Sunshade 

Upper  Right  Rails 

7. 

2 

♦o.oii 

+0.013 

+0.007 

0 

-0.004 

-0,009 

*0.011 

*0.026 

+0.029 

*0.032 

*0.032 

23 

Lover  Left  Rails 

8, 

1 

0 

-0.007 

-0.0Q9 

-0.013 

-O.017 

-0.011 

-0.007 

0 

+O.OOB 

+0.017 

+0.014 

Lover  Right  Rails 

9, 

3 

0 

+0.013 

+0.024 

+0.033 

+0.036 

*0.030 

+0.024 

*0.020 

+O.D14 

+0.01B 

+0.007 

Tenpereture  • 85*7,  8:50  am 

Upper  Left  Ralls 

IQ. 

4 

+0.006 

+0.019 

hO.030 

+0,039 

+0.050 

+0.035 

+0.031 

*0.021 

+0.0L9 

+0.009 

*0.007 

San  Shining, 

vl th  Sunshade 

Upper  Right  Rails 

7, 

3 

+0.016 

+O.OL4 

+0.0L4 

+D.009 

+0.006 

0 

+0.007 

+0.016 

+0.022 

+0.027 

*0.030 

24 

Lover  Left  Ralls 

8. 

1 

-0.008 

-0.016 

-0.020 

-0.022 

-0.029 

■0.028 

-0.022 

-0.015 

-0.010 

-0.006 

0 

Lower  Right  Rails 

9. 

a 

+0.013 

+0,021 

+9.03L 

+0.037 

+0 .039 

+0.038 

+0.020 

+0.016 

+0.010 

0 

0 

Temperature  - 74*7,  9:15  am 

Upper  Left  Ralls 

10. 

4 

D 

+0.014 

+0.038 

+0,038 

+0.049 

+0.036 

+0.031 

*0.023 

+0.017 

0 

0 

Overcast,  with  Sunshade 

Upper  Right  Rails 

7. 

2 

d 

-0,003 

-0,007 

-0.009 

-0 ,022 

■ D.022 

-O.Qll 

-O.OOB 

Q 

Q 

0 
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